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FOREWORD 


The  growing  interest  in  the  use  of  columbium,  molybdenum,  tantalum,  and  tungs¬ 
ten  metals  and  their  alloys  fox  structural  applications  has  emphasized  the  need  for  an  up- 
to-date  review  of  some  of  the  more  important  physical,  mechanical,  and  metallurgical 
properties  of  these  materials.  Four  consecutively  numbered  reports  covering  colum¬ 
bium  and  columbium  alloys,  molybdenum  and  molybdenum  alloys,  tantalum  and  tantalum 
alloys,  and  tungsten  and  tungsten  alloys  have  been  prepared.  The  intent  of  these  reports 
has  been  to  assemble,  present,  and  summarize,  in  easy  reference  form,  the  engineering- 
property  data  of  these  four  refractory  metals  and  alloys.  Thi3  report  covers  tantalum 
and  tantalum  alloys. 

In  addition  to  data  available  from  the  published  literature,  numerous  organizations 
have  contributed  data  for  inclusion  in  this  report.  The  Defense  MetalB  Information 
Center  gratefully  acknowledges  the  assistance  of  the  following  individuals  and  organiza¬ 
tions  who  contributed  valuable  information  used  in  the  preparation  of  this  report. 

G.  D  MrArdle  and  F.  Nair,  Climax  Molybdenum  Company 

H.  Peters,  E,  I.  du  Pont  de  Nemours  Company,  Inc. 

R.  L.  Wilkey,  Far.steel  Metallurgical  Corporation 

R  Bancroft  and  M.  Schusslcr,  Haynes  Stellite  Company 
R.  W.  Werner,  Lawrence  Radiation  .Laboratory 
G.  P.  Trost,  Metals  and  Controls,  Inc. 

M.  Torti,  National  Research  Corporation 

W.  Bauer,  Stauffer  Metals  Company 

R.  B.  Bargainnier,  Sylvar.ia  Electric  Products,  Ir.c, 

C.  Mueller  and  G.  A.  I.iaeis,  Universal  Cyclops  Steel  Corporation 
5.  A.  Worcester,  W ah  Chang  Corporation 

R.  D,  Ammon,  R.  T.  Begley,  ar.d  H.  G.  Sell,  Westinghouse  Electric 
Corporation 
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THE  ENGINEERING  PROPERTIES  OF 

TANTALUM  AND  TANTALUM  ALLOYS 


SUMMARY 


Thii  report  presents  the  results  of  a  state-of-the-art  survey  covering  tantalum 
and  seven  of  its  alloys.  All  data  are  given  in  tabular  and  graphical  form  covering  some 
of  the  more  important  physical,  mechanical,  and  metallurgical  properties  for  each 
material.  References  are  given  at  the  conclusion  of  each  material  section. 
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INTRODUCTI O  N 


The  requirements  for  structural  materials  for  service  temperatures  in  excess  of 
those  attainable  with  present  materials  of  construction  has  provided  the  stimulus  for  the 
development  of  refractory  metals  and  alleys.  Interest  has  stemmed  largely  from  the 

high-temperature  structural-engineering  requirement!  aeeociated  with  military  hard¬ 
ware.  In  the  development  of  the  refractory  metals,  columbium,  molybdenum,  tantalum, 
and  tungiten,  and  their  alloy*,  extenaive  studies  have  been  conducted  and  are  in  progress 
which  are  aimed  toward  the  investigation  of  fundamental  metallurgical  concepts,  alloy 
development,  pilot  scale-up  development  of  promising  compositions,  and,  ultimately, 
alloy  commercialisation. 

This  report  reviews  some  of  the  more  important  properties  of  tantalum  and  seven 
of  its  alloys.  Of  this  group  of  alloys,  several  have  not  reached  true  commercial  status; 
however  the  potential  of  these  advanced  experimental  and  pilot-production  alloys 
warrants  consideration.  All  data  are  presented  in  tabular  and  graphical  form  according 
to  a  number  of  important  physical,  mechanical,  and  metallurgical  properties  for 
tantalum  and  each  of  its  seven  alloys.  Properties  and  alloys  covered  in  this  report  are 
lilted  in  Table  1. 

Tantalum  la  the  most  recent  of  the  refractory  metalB  to  undergo  extensive  study. 
Present  work  includes  attempts  to  improve  basic  high-temperature  strength  capabilities 
through  both  solution  ar.d  dispersion  strengthening  while  maintaining  cryogenic  ductility. 
Efforts  have  also  been  directed  toward  the  addition  of  lighter  elements  to  improve  the 
strer.gth-to-weight  ratio. 

In  preparing  this  state-of-the-art  survey,  technical  journals  and  publications, 
research  reports,  ar.d  trade  literature  made  available  tc  the  Defense  Metals  Information 
Center  were  supplemented  with  personal  contacts  with  a  number  of  individuals  and 

organisations  actively  engaged  in  the  refractory-metals  field.  References  are  given  at 
the  conclusion  of  each  material  section. 


TABLK  l.  ALLOYS  AND  PROPERTY  DATA  COVERED  IN  THIS  REPORT 


T»-30Cb-7.  r>v 
T«-5W-2.5M0 
TJ-8W-2W 
Ta-10W-2.  ftHf 
Ta-10W*2.5Mo 
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ORGANIZATION  OF  DATA  PRESENTED  IN  THE  APPENDIX 


1.  Identification  of  Material 

Designation 

Chemical  composition 

Forma  available 

2.  Physical  Properties 

Melting  point 
Density 

Thermal  expansion 
Thermal  conductivity 
Electrical  resistivity 

3.  Mechanical  Properties 

Tensile  Properties  at  Roam  Temperature 

Ultimate  tensile  strength 
Tensile  yield  strength 
Elongation 
Reduction  ir.  area 
Modulus  of  elasticity 

Effect  of  Temperature  on  Tensile  Properties 

Ultimate  tensile  strength 
Tensile  yield  strength 
Elongation 
Reduction  in  area 
Modulus  of  elasticity 

Notched  Tensile  Properties 

Creep  and  Stress-Rupture  Properties 

Other  Selected  Mechanicai  Properties 

4.  Metallurgical  Properties 

F  abricability 
Transition  temperature 

Weldability 

Stress-relief  temperature 
Rec  ry  stall  mat  ion  temue  rature 


References 
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APPENDIX 


:  ANT  ALUM  AND  ITS  ALLOYS 
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APPENDIX 

TANTALUM  AND  ITS  ALLOYS 

Unalloyed  Tantalum 


1  .  Identification  of  Material 

a.  Designation:  many,  depending  upon  individual  supplier 

b.  Chemical  composition:  Tables  A- 1  through  A-3 

c.  Forms  available:  ingot,  bar,  plate,  sheet,  strip,  foil,  rod,  and  wire(  1  j  2) 


(a)  For  ingot,  bar,  plate,  sheet,  strip,  foil,  rod,  and  wire  product*. 

(b)  The  total  of  all  irr.puritiei  shall  not  be  over  C.2  per  cent. 


TABLE  A -2.  PURITY  RANGES  SPECIFIED  PCJR  TANTALUM  POWDERS 


__ _ Impurity  Content,  weight  per  cent _ _ 

Sintered  Product(^)  Melted  Product4) 


c; 

0, 10 

0 , 0  02  5  -  0 .  04 

c 

0.17 

C,  035-0,  08 

N 

c.ci 

0. 002-C.  02 

H 

.. 

0.  0C5-0.  05 

Ai 

<0.02 

<0.0025-0,  00' 

Cb 

C.  C3 

C,  QC25 -0,  OS 

Fe 

0.  015 

3,  005-0,  Cl 

Mo 

0. 003 

<0,001-0,  008 

Ni 

<0,002 

0.003-0.  006 

SI 

0.  02 

0.  02-0.03 

1 

TABLE  A -3.  REPRESENTATIVE  ANALYSES  OF  TANTALUM  AS  PRODUCED  BY  VARIOUS  PROCESSES 


Powder-Metal  Product'**) 


_ Imp-.rrity  Content,  ppm _ 

_ _ Ingot,  Made  by 

Corjumable -Electrode  ?roceu(5) 


Electron-Beam  Proee*i(6) 


30 


h  f 


L.  Physical  Properties 

a.  Melting  point:  5425  f(7< 


b.  Density:  C.  6C0  lb/ in  .  '  (7  '< 

c.  Thermal  expaiialon:  Tabloi  A-4  and  A- 5  *  * 

d.  Thermal  conductivity:  Figures  A- 1  and  A-2 

e.  Electrical  rBSiativity:  Figurea  A-3  and  A-4 


s 


* 


A- 4 


TABLE  A-4.  LINEAR  THERMAL  EXPANSION  OF  TANTALUM''8) 


Temperature, 

Linear  Expansiw..(a), 

C 

per  cent 

121 

0.07 

327 

0,20 

527 

0.34 

727 

0.  4H 

927 

0.G1 

1127 

0.81 

1327 

0.99 

1527 

1.16 

1727 

1.34 

1927 

1.53 

2127 

1.72 

2327 

1.93 

2527 

2. 15 

2727 

2.40 

2927 

2.G9 

(.1)  The  linear  cocffir  cm  of  thermal  expansion  can  he  expressed 
by  the  following  equation: 

a  -  10M  *C.S  ♦  P. 34  •  1 0"3  t  +  0. 12  X  10*6  t2, 

where 

a  =  per  degree,  C 
l  =  temperature,  C. 


TABLE  A -6.  THERMAL  EXPANSION  OF  TANTALUM  SUPPLIED  15V  EANSTEF.t.  METALLURGICAL 
AND  NATIONAL  RESEARCHING 


Letup, 

C 

Linear 
Expansion, 
per  cent 

Coefficient, 

27  C  to 

Temp, 

10‘t;/c 

Temp, 

F 

Linear 
Expansion, 
per  cent 

Coefficient, 
65  t  to 
Temp, 
10’°/F 

16  00 

1.04 

6.01 

3000 

1.09 

3.74 

1800 

1.23 

6.93 

3400 

1.30 

3.92 

2000 

1 . 45 

7.  35 

3800 

1. 56 

4.20 

1.71 

7.38 

42  00 

1.88 

4. 5G 

2.0-1 

8.  'in 

4600 

2.33 

5.15 

.m 

2.47 

9. 61 

5000 

2.88 

5,  86 

2.  00 

10.79 

5200 

3.18 

6.21 

2;K>n 

3. 20 

11.35 

)  _ _ 

Composition,  per 

cent.  Balance  Tantalum 

l'ifdiiecr  C 

Ke 

Si 

Mo 

Cb 

N 

o 

11  Others 

fate!  eel  0.  f'08 

o.  nor. 

<0.  02 

0.  003 

-- 

-- 

-- 

«i .  tifi 

MW,  n.1‘016 

0. 0028 

-- 

-- 

0.0035 

0.^01 

0. 0032 

0.0175 

0.  005 


Temperature,  K 


A  34  B  4  6 


FIGURE  A-l.  THERMAL  CONDUCTIVITY  OF  TANTALUM  AT 
DOW  TEMPERATURES^10) 


<->  0  9  DC  iSOC  2400  3200  4CCC  4800 


'''empcrc'jre,  - 


FIGURE  A- 2.  THERMAL  CONDUCTIVITY  CF  COMMERCIAL-PURITY 

TANTALU.V.(1  :) 


FIGURE  A-i. 


ELECTRICAL  RESISTIVITY  OF  TANTALUM 
AT  LOW  TEMPERATURES! 10) 


FIGURE  A-4 ,  ELECTRICAL  RESISTIVITY  OF  TANTALUM  AND  ITS 
TEMPERATURE  COEFFICIENT 


Ultimate  tensile  strength:  Tables  A-9  through  A- 13 

Figures  A-5  through  A-7 

Tensile  yield  strength:  Tables  A-9  through  A- 13 
Figures  A- 6  ar.d  A-7 

Elongation:  Tables  A-9  through  A-  13 
Figures  A-5  through  A-7 

Reduction  in  area:  Table  A-9 

Modulus  of  elasticity:  Tables  A- id  ar.d  A- 13 
Figures  A-7  ar.d  A-8 

c.  Mulched  Tensile  Properties 

Figures  A-9  through  A- 16 

d.  Creep  ar.d  Stre ss -Rupture  Properties 

Figures  A- 17  through  A-2G 

e.  Other  Selected  Mechanical  Properties 

Impact;  Figure  A- 31 

Fatigue:  Figures  A -il  and  A-23 


Ac¬ 


table  A-6.  MINIMUM  TENSILE  'PROPERTY  REQUIREMENTS  FCR  POWDER-METALLURGY,  ARC -CAST,  AND  ELECTRON- 
SEAM  -CAST  TANTALUM  INGOTS  AND  FLAT  MILL  PRODUCTS<»Xl) 


Condition 

Teniile  Strength, 
lOOCpii 

Elongation  In  2  Inches,  per 
Specimens 

0,021  In.  Thick 
and  Over 

cent 

Specimens 

0,  020  In,  Thick 
and  Under 

Cold  worked 

76 

2 

2 

Stress  relieved 

55 

13 

7,5 

Full  annealed 

-- 

3C 

25 

(a)  Fo;  bar,  plate,  iheer,  lulp,  and  foil*  Teniile  properties  shall  be  determined  wing  a  strain  rite  of  C.0C5  inch  per  Inch  per 
minute  through  C,6  per  cent  offset,  and  C,  02  to  C,  05  inch  per  inch  per  minute  to  fracture. 


TABLE  A  -7.  MINIMUM  TENSILE  -PROPERTY  REQUIREMENTS  FOR  POV. DER -METALLURGY  ,  ARC  -CAST,  AND 
ELECTRON -BEAM -CAST  TANTALUM  ROD  AND  WIREfaX2) 


Condition 

Tensile  Strength, 

1C  CO  psi 

Elongation, 
per  cent 

Gage  Length, 
inches 

Cold  worked 

70 

1 

10 

Annealed,  commercial  purity 

10 

10 

Annealed,  high  purity 

-- 

20 

10 

fa)  Crcsshead  speed  :o  be  used  is  2  per  cent  cf  gage  length  per  minute. 
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TABLE  A  -8.  SOME  SELECTED  ROOM -TEMPERATURE  TENSILE  PROPERTIES  OF  TANTALUM^ 


Condition 

Tensile 

Strength, 

1000  psi 

Yield 

Strength, 

1000  psi 

Elongation, 
per  cent 

Reduction 

in  Area, 
per  cent 

Rei  rystallizedC1) 

27. 5 

- 

38 

89 

Rccrysiallized  high-purity 
dieet  (1  hr  at  2190  F; 

0. 0-10  inch  tilled 

29.4 

26.3 

36 

** 

Recrystallized  rod  (1  hr 
at  2000  F)(c) 

33.5 

-- 

50 

-- 

Rccrystaliized  sheet 

40.0/50.0 

30.0/40.0 

30/40 

- 

P.ccrystallizcd  rod  (I  hr 
at  3090  FjW 

49.8 

39.3 

45 

86 

Annealed  sheet 
(0.010  inch  thick) 

50.0 

-- 

40 

-- 

Cold -worked  high-purity 
sheet  (cold  reduced  93)5; 
0.040  inch  thick)(b) 

60.5 

49.0 

“  ” 

"  " 

Recrystailizcd  sheet 
(0.  010  inch  thick/e) 

67. 1 

67.4 

25 

-- 

Annealed  wire 
(0.  002-inch  diameter) 

100.0 

— 

11 

-- 

Cold -worked  sheet 

100.0/120.0 

95.0/105.0 

3 

-- 

Cold -worked  sheet 
(0.010  inch  thick) 

1  0.0 

- 

1 

-- 

Hardened  plate 
(0.  010  inch  thick) 

145.0 

— 

18 

-- 

As-drawn  wire 
(0.002 -inch  diameter) 

130.0 

"" 

2 

-- 

(a)  Degassed:  •.O.Ol^iC. 

(h)  Elec  iron -beam -me  Hod  tantalum  supplied  by  Tcmcscal  Metallurgical  Corporation:  O.OOIGtyO, 
U.0010r/oN, '0.000  H,  0.0030^0,  0. 00037c.  Cr,  0.01-0.03^1  cb,  O.OQ&Jo  Cu,  0.0008<7,Fc, 


o.  0003*7..  Ni. 

(c)  From  hydrogen-reduce  d  powder:  00.  Q'xfjo  Ta,  traces  of  Ni,  Fe,  W,  Cu,  Ca,  Si,  Pb,  Sn,  Cr. 

(d)  Supplied  by  Fanstec!  Metallurgical  Corporation:  0.01c/oN,  0.  OlO^o  C,  450  grains/mm^. 

(e)  Powder-metallurgy  ingots  supplied  by  Fanstee.  Metallurgical  Corporation:  0.  OOoGp/dO,  0.0I3%N, 
O.CL'VC,  0.  ID'S.  Ch.  0.0!?,, W,  0.  0 1  ;fj„  le,  612-J024  grains/ nun2. 


Best  Available  Copy 


Temperature, 

f 

Strain 

Rate, 

:::./ii’./5cc 

Yield 

Strength^), 

.cCO  ps: 

Yield  Point, 

Upper  ’..over 

Maximum.  Load 

Tensile  Uniform 

Strength,  Elongation, 

Fracture 

Total 

Total  Reduction 

Elongation,  in  Area,  1 

percent  percent  1 

-320 

2.8  x  :c‘4 

124,0 

124.6 

110,0 

W 

c 

12 

75  j 

*320 

9.2  x  10  "3 

1?*?.  0 

128.5 

110.  c 

(c! 

0 

11 

71 

-32C 

S.C  x  10"* 

-- 

139.5 

•• 

(c) 

c 

•- 

ie 

•2SC 

2.8  x  1C“4 

104.5 

105,2 

94.  C 

(c) 

c 

13 

18 

-2C  0 

2.3  x  10'4 

82.7 

84.2 

75,  C 

(=; 

0 

15 

81 

-  ICC 

x  io'4 

63.3 

5-?,  5 

08.7 

1U 

37 

-52 

2.8  x  )0'4 

56.  5 

it.  5 

50.2 

65.  7 

20 

34 

*0 

!,P!  in"4 

3Q,  3 

39.  7 

49.8 

23 

45 

S3 

340 

2.8  X 

2c.  2 

«0 

20,2 

4 

- 

31 

3. 

-4  760 

2.8  x  :o'4 

22.4 

d) 

22.4 

52.2 

18 

27 

84  -1 

(a)  Commercial -purity  re  crystal  Used  tantalum  rod  (1  hr  at  170C  C\  450  gra::t*/ rr.rri^) ;  C.Clyj  N,  O.CYfc  C. 

(b)  Yield  strength  defined  as  the  stress  at  which  the  curve  of  lead  verses  per  rent  elongation  deviates  from.  linearity. 

(c)  Specimens  did  not  have  ultimate  tensile  strengths  :r.  the  usual  significance  m:  ached  to  tl.c  teriv.  since  the  load  did  r.Ot 

increue  after  the  yieid-polnt  elongation. 

(d)  No  pronounced  upper  yield  poLnt,  but  a  definite  yield-point  elongation. 
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TABLE  WO.  TENSILE  PROPERTIES.OF  RECRYSTALLIZED  TANTALUM  SHEET 
PRODUCED  FROM  POWDER-METALLURGY  INGOTCa)(lc) 


Temperature, 

F 

Tensile 
Strength, 
1000  psi 

Yield  Strength 
(0.2 ft  Offset), 

1000  psi 

Elongation, 
per  cent 

-320 

148.0 

148.0 

4 

-100 

73.2 

72.5 

23 

80 

67.1 

57.4 

25 

210 

59.3 

42.  5 

25 

400 

56. 1 

35.4 

13 

60> 

74.0 

37.9 

18 

300 

G5.3 

33.4 

24 

1000 

59.9 

20.  1 

16 

1205 

44.7 

18.9 

17 

1400 

30.3 

16.9 

23 

15< 

22.2 

12. 1 

33 

180) 

21.6 

12.  4 

33 

20h.i 

16. H 

8.  1 

43 

;!20i* 

14.7 

7.5 

48 

(a)  Rccrystallizcd  powdei-nictallurgy  tantalum  sheet  (0.010  inch  thick);  strain  rate 
0.09  incli  per  inch  per  minute;  0.0056%  O,  0.013%  N,  0.02%  C,  0. 10%  Cb, 
0.01%  W,  0.015%  Fe,  512-1024  grains/mm2,  ASTM  6-7. 


TABLE  A -11.  HIGH-TEMPERATURE  TENSILE  PROPERTIES  OF  ANNEALED  TANTALUM  SHEET^1  5 


Temperature, 

F 

Time  at 
Temp, 

sec 

Strain  Rate, 
in. /in. /sec 

Tensile 
Strength, 
1000  psi 

Yield 

Strength, 

1000  psi 

Elongation, 
per  cent 

3000 

10 

0.1 

10.70 

7.49 

30 

90 

0.1 

10.76 

6  96 

30 

10 

0.00005 

4.03 

3.78 

19 

90 

C.  00005 

4.  12 

3.86 

19 

3  500 

10 

0.0000  5 

0.915 

0.611 

Cb) 

90 

0.C  '005 

1.81 

0.792 

(b) 

4(H'(i 

10 

0.  ! 

3.  09 

J  .76 

44 

90 

0.  1 

3 . 9  o 

1.61 

46 

90 

0.00005 

0 . 420 

0 . 42 

(b) 

5000 

10 

0.  1 

2.43 

1.29 

48 

90 

0.  1 

2.00 

1. 17 

*  “ 

(a)  Sintered,  rolled,  annealed,  tantalum  sheet.  Specimens  heated  to  test  temperature  in  20  seconds. 


Tests  conducted  in  argon  atmosphere.  Values  reported  are  average  of  at  least  three  tests, 
(b)  Specimens  were  not  stru.ncd  to  fracture. 


Best  Available  Copv 


TABLE  A-12.  HIGH-TEMPERATURE  TENSILE  PROPERTIES  OP  POWDER-METALLURGY  - 
PRODUCED  TANTALUM  SHEET^X9) 


Temperature, 

F 

Tensile 
Strength, 
1000  psi 

Yield  Strength 
(0.2%  Offset), 
1000  psi 

Modulus  of 
Elasticity, 

10G  psi 

Load 

Rate , 
psi/soe 

Elongation, 
per  cent 

3420 

6.  160 

3.200 

3.6 

267 

39 

3670 

5. 110 

2.550 

0.6 

197 

-10 

3955 

3.025 

1. 510 

0.7 

G3 

34 

3955 

2.740 

1.850 

0.2 

16 

3'/ 

4380 

2.460 

1.240 

J.  1 

03 

44 

4380 

2.640 

-- 

66 

38 

4470 

2.290 

1.320 

0.4 

64 

37 

4525 

2.650 

1.350 

1.5 

54 

34 

4525 

2. 000 

1.270 

0.4 

57 

38 

4985 

1.810 

1.140 

0.4 

67 

25 

5010 

1.240 

0.8uO 

0.3 

10 

1.1 

5100 

0.977 

0.800 

0.  1 

■  7.  5 

13 

(a)  Powder-meullurgy-produccd  sheet  (0.060  loO.OGO  inch  thick);  0.03%n>ax  C,  0.03%  max  ;-c, 
■  0.005%  Si,  0.24%  Mo,  and  <0. 05%  other  impurities. 


TABLE  A- 13.  HIGH-TEMPERATURE  TENSILE  PROPERTIES  OF  ARC -MELTED  TANTALUM  SHEET* 


Temperature, 

F 

Tensile 
Strength, 
1000  psi 

Y icld  Strength 
(0.2%  Offset), 

1000  psi 

Proportional 

Limit, 

1000  psi 

Modulus  ol 
Elasticity, 
109  psi 

Load 

Rate, 

psi/sec 

Elongation, 
per  cent 

321U 

4.370 

1.950 

1. 150 

1.0 

59 

35 

3690 

3.800 

1.550 

1.450 

0.3 

146 

47 

3725 

2.780 

1 . 200 

1.100 

0.2 

63 

43 

4345 

2.380 

0.  GOO 

0.450 

0.04 

92 

47 

4530 

1 . 730 

0,640 

0.  550 

0.07 

G2 

35 

ivJlf) 

0.  703 

0.3  GO 

-- 

— 

9 

2d 

SO  40 

1  .  :  7  ( 1 

0.330 

0.250 

0.  07 

35 

31 

(a)  Consumable 

-electrode,  arc- 

-melted  tantalum  sheet  (0.0(10  inch  thick);  0.0015%  C. 

,  0.0028%  Fc, 

O.COtliXiCb 

■J.iAHlU-J.tk 

>08%  H,  O.0O2- 

t).uf yfjo  N,  u. 0035-0. 

0059%  O,  and  ') 

.  1  73%  other  impj 

irities. 

Elongation  m  2  Inchestper  cent  vidd  Strength  (Ql%  Offset),lOOOpsi  Tensile  Strength ,1000p<;i 


y^j-  \ _ 7 _  TENSILE-PROPERTY  DIRECTIONALITY  Or  ANNEALED 

(a  HOUR  2  55 C  Y)  TANTALUM  SHEET  (0.  C2  INC-.}'1"' 

ft*  si  rnt-  0.  002  inch  per  inch  per  minute. 


Modulus  of  Elasticity,  I0*psi 


Temperoture.C  a-m»82 


FIGURE  A-8. 


EFFECT  CF  TEMPERATURE  ON  THE  MODULUS  OF 

ELASTICITY  OF  TANTALUM 


c  Unmatched  Spec  r.er 


- 2  — - ~  CtsO.2l2tO.OCl 

Rjg=0  0  I  I 

b  Notc^-J  Specimen  (Kt=  3)  i  him 


TGURE  A-').  UNNOTCHED  AND  NOTCHED  BAR  TENSILE  TEST  SPECIMENS  USED 
TO  OBTAIN  DATA  SHOWN  IN  FIGURES  A-  10  AND  A-  I  1 


All  dimensions  are  in  inches. 


T|fnp#rotur«,  C 


Timpiraturi,  C  A-II7M 


FIGURE  A- 1C.  TENSILE  PROPERTIES  FOR  WROUGHT,  STRESS- RELIEVED, 
E : , KC T HON- BEAM- MILT E3  TANTALUM  BAR  (I  HR  AT 
750  C;  HARDNESS  145  VHN)!21) 


r rnsslif'Jiti  Spend, 


Unnotched 


Notched 


N eight  Pe r  Cent 

<0. 0C3 


<0.  003 
0.  0C08 
<0.  08 


Notch- Unnotch  Strength  Ratio 


WB 


FIGURE  A-li.  TENSILE  PROPERTIES  FOR  RECRYSTALLIZED, 
ELECTRON- BEAM-MELTED  TANTALUM  BAR 
(3  HR  AT  1200  C;  HARDNESS  33  VHN;  ASTM  4.  S)^1) 


Crosshuad  Speed, 
in.  / min 


Unnotchcd 

0.02 


Notched 


V*  eight  Per  Cent 
<0. 003 
<0. 003 

U. 0008 
O.  f)K 


0.  005 


Notch- Unnotdi  Strength  Rotio 


Area,  per  dr*  Tensile  Slrenylh,  1000  pci 


RMuc'on  n  Zna.ptrart  Twijile  Strength.  OOOpji 


"e'rDerafura, 


a  wrought 
I  hr  1380  F 
194  VHN 


b  Recrystal  1-2(4  i-imit 
3  hr  2190  F 

o  omoMiwd'ipaeMni  91  VHN 

d  NoteNKl  se«#t»n*l4fO)  astm  2-4 

*  Notch-umotchad  stf»oq^  «te 
Frocture  at  ma*i mum  iced 


FIGURE  A-  15.  TENSILE  PROPERTIES  FOR  WROUGHT  AND  RF, CRYSTALLIZED. 

ELECTRON-BEAM-MELTED  TANTALUM  BAR  CONTAINING 

31  PPM  OXYGEN  AND  135  PPV.  HYDROGEN^  2  2> 


Crosshc*id  Speed, 
ir..  / mir. 


Unnotched 


Notched 


0.0£ 


C.  005 


Bar  material  <4*5  ppm  combined  carbor 


n;  t  roge  n. 


FIGURE  A  -  1 6.  TENSILE  PROPERTIES  FOR  WROUGHT  AND  RECRYSTALLIZED, 

ELECTRON- BEAM-MELTED  TANTALUM  BAR  CONTAINING 
"HIGH'1  HYDROGEN^2* 

U  nnotched  Notched 

CroF-shcad  Speed, 

■n./min  O.CCS 

Dr-.r  mcttiirl.-il  <44  pprr.  combined  carbon  and  nitrogen. 


JolctKJhnofcned  Strength  Ratio 


w  o 


Ti-re,  hcuT 
b  RtcryttollirtS 


*~iom 


CotS  rolltS  75  ptrctnt  onS  rtcryttollntS  I  hour  of  2190  F 


REE?  AND  RUPTURE  CURVES  FOR  RECRYSTAEEIZED 
EECTRON-BEAM-.VLERTED  TANTALUM  SHEET 
(0.  340  INCH)(i5> 


Impurity 


C 

O 


N 

Othe  rs 


W  cri^hl  Per  Cent 
0.  0330 

0.  0016 
0.  0010 
<0.  040 


FIGURE  A-lv.  LARSON- MILLER  PLOT  COMPARING  RUPTURE 
PROPERTIES  OF  ELECTRON-BEAM-VELTED 

TANTALUM  SHEET  (0.  040  INCH)*15' 


iam>ww<  — 


Stress 


LARSON-MILLER  PLOT  COMPARING  RUPTURE  PROPERTIES  OF 
RE  CRYSTALLIZED  ELECTRON  -  REAM.- MELTED  TANTALUM.  Tn-C. 
Ta-N,  AND  Ta-O  ALLOYS  IN  SHEET  :0.  04  S  INCH)  FORM;!-5' 


IGURE  A  -  2 C . 


iX  CO  0  CD  2ac 

"e-cs'c'-re.  C  m 


FIGURE  A-21.  EFFECT  OF  OXYGEN  CONTENT  ON  THE  IMPACT  PROPERTIES 
OF  WROUGHT  SLECTRON-BEAM-MELTEO  TANTALUM!23) 

Starting  material  contained  <44  ppm  combined  carbon 
and  nitrogen. 


FIGURE  A-22.  EFFECT  OF  OXYGEN  CONTENT  ON  THE  IMPACT  PROPERTIES 
OF  WROUGHT  ELECTRON- BEAM-MELTED  TANTALUM!23) 


Starting  material  contained  <44  ppm  combined  carbon 
and  nitrogen. 
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4.  Metallurgical  Properties 

a.  Fabricability :  possesses  excellent  room-temperature  fabrication  characteris¬ 

tics  amenable  to  all  conventional  fabricati.cn  practices  and  can  be 
fabricated  to  large  reductions  {>95  per  cent)  without  the  need  for 
process  ar.nealing(^) 

b.  Transition  temperature:  <-4120 

c.  Weldability:  can  be  welded  using  conventional  techniques  wherein,  air  iB  ex¬ 

cluded,  such  as  inert-gaB-ahlelded  tungsten-arc  welding,  inert- 
atmosphere  chamber,  electron-beam  welding,  and  resiatance  spot 
or  seam  welding!7 ) 

d.  Stress -relief  temperature :  1  hour  at  1800  F ( 24 ) 

e.  Recryatallizatior.  temperature :  Tables  A-14  and  A- 15 

Figures  A-24  through  A-26 
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7A3LE  A-14.  RECRYSTALLIZATION  BEHAVIOR  Or  EL 

SHEET  (0.040  INCH^'X16* 


_ _ Condition 

Cold  reduced  SO  per  cent  from  ai-cait  Ingot 

Cold  reduced  75  pc;  cent  from  as-cast  ingot 
reduced  J5  per  cent  fro..*  as-cast  ngot 
Cold  reduced  75  per  cent  after  intermediate  annealing 

(.:)  1  i i  m •  r : L y  Wci>i!;t  Pc:  (A  .1 

C  C.0C3C 

0  C.0C16 

N  0.0010 

Other*  <0,040 


RON  -  3EA  M  -.Si  ELTED  TA  NT  A  LUM 


Temperature,  F,  for  Indicated  Amount 


of  Recryitalllzatlon  In  1  Hour 
!  Per  Cent  100  Per  Cent 


2C1C 

2550 

1330 

2 19C 

237  C 

1920 

219C 

FIGURE  A- 25. 


EFFECT  OF  ANNEALING  TIME  AND  REDUCTION  ON  THE 
RECRYSTALLIZATION  BEHAVIOR  OF  TANTALUM(25) 


TABLE  A -16.  GRAIN  SIZE  VERSUS  ANNEALING  TEMPERATURE  FOR  ELECTRON- 
BEAM -MELTED  TANTALUM  SHEET  (0,0-JC  lNGN)Ca><*5) 


i-Hojr  A  nr.  c  a  ling  Temperature,  r 

Average  ASTM  Grain  Sue  at  1CCX 

2  IOC 

O  *u 

2o7Q 

•i 

2560 

3-4 

2605 

3-4 

2910 

2 

8090 

1 

3270 

0-1 

(a)  Cold  rolled  76  per  cer.t. 

Impurity  Weight  Per  Cent 


C  0. CG3C 

0  0.C01G 

N  O.OOIC 

Others  <0.040 


Rld.-itien  ty  Cold  Rcll  n;,oe' -e-it 


FIGURE  A-Zb.  ANNEALING  TEMPERATURE  VERSUS  COLD  REDUCTION 
AND  GRAIN  SIZE 
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to 
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Ta-  IOW 

Identification  of  Material 

a.  Designation:  several,  depending  upon  individual  supplier 

b.  Chemical  composition:  Tables  A- 16  and  A- 17 

e.  Forms  available:  ingot,  billet,  bar,  plate,  sheet,  strip,  foil,  rod,  and  wire^'^ 
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TABLE  A-1G.  CilEMICAL  REQUIREMENTS  FOR  ARC-CAST  AND 
ELECTRON-BEAM  CAST  Ta-lOW^X1-2) 


Impurity  Contend*3) ,  Maximum, 

Element 

weight  per  cent 

0 

0.  010 

N 

0.  000 

C 

0.  005 

Cb 

0.  10 

Fe 

0.01 

Mo 

0.  10 

Ni 

0.005 

Si 

0.015 

Ti 

0.  01 

W 

9-11 

(a)  For  ingot,  billet,  bar,  plate,  sheet,  sl  ip,  foil,  rod,  and  wire. 

(b)  Any  other  one  impurity  to  be  less  than  100  ppm. 


TABLE  A-17.  REPRESENTATIVE  ANALYSES  OF  Ta-lOW  AS  PRODUCED  BY  ARC  MELTINC  AND  ELECTRON- 
BEAM  MELTING  PROCESSES 


Impurity  Content,  ppm,  for  Ingot, 

,  Made  by 

Arc  Melting 

Electron-Beair 

i  Melting 

Element 

Ref.  (;i) 

Ref.  (4) 

Ref.  (5) 

Ref.  (3),  Top 

Ref.  (3), 

Bottom  1 

Ref,  (R)(b) 

A1 

<20 

_  _ 

_  _ 

.. 

<20 

<20 

B 

<1 

-- 

-- 

-- 

<1 

<1 

C 

<30 

19 

15 

17 

<30 

<30 

.  13 

Cb 

<100 

-- 

-- 

-- 

9B0 

1500 

Cd 

<5 

-- 

-- 

-- 

<5 

<5 

-- 

Cr 

<20 

5 

10 

<10 

<20 

<20 

<10 

Cu 

<40 

-- 

-- 

-- 

<40 

<40 

Fe 

<100 

15 

50 

<10 

<100 

<100 

<10 

H 

4 

-- 

-- 

.  _ 

„  _ 

Hf 

<80 

-- 

-- 

_  _ 

__ 

Mg 

<20 

-- 

-- 

-- 

<20 

<20 

Mn 

<20 

-- 

-- 

-- 

<20 

<20 

Mo 

<20 

<10 

25 

-- 

50 

250 

N 

11 

19 

25 

36 

28 

20 

35 

Ni 

<20 

5 

50 

<10 

<20 

<20 

<10 

O 

140 

18 

no 

52 

50 

60 

22 

Pb 

<20 

-- 

-- 

-- 

<20 

<20 

Si 

<100 

-- 

25 

-- 

<100 

<100 

Sn 

<20 

-- 

-- 

-- 

<20 

<20 

Ta 

Bal 

Bal 

-- 

-- 

Bal 

Bal 

__ 

Ti 

<150 

-- 

10 

-- 

<150 

<150 

V 

<20 

-- 

-- 

<20 

<20 

-- 

W 

10.0% 

9. 8  vo 

— 

-* 

9.0% 

8. 

lil/Q 

-- 

Zn 

<20 

-- 

-- 

-- 

<20 

<20 

Zr 

<500 

*  ■ 

<5110 

C.,II0 

(a)  Starting 

1  stock  150  to  450 

ppm  oxygen. 

Average  values  from  14  doublc-arc-melted  ingots. 

(b)  Starting  stock  150  to  450 

ppm  oxygen. 

Average  values  from  7 

electron-beani' melted  ingots. 

3est  Available  Copy 
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L.  Physical  Properties 

a.  .Velting  point:  5495  Is'O) 

b.  Density:  0.  608  lb / in.  3 <"! 

c.  Thermal  expansion:  Table  A-  18 

Figures  A-27  and  A-2B 

d.  Thermal  conductivity:  Table  A- 19 


Mean  Coefficient  of  Thermal  Expansion,  ia/(»n.XF) x  10 


Temperature,  F 


FIGURE  A-27.  THERMAL  EXPANSION  OF  Ta-10\v(9) 


0  400  nno  l?O0  1600  2000  2400 

A'4r>HII 

Mean  Temperoture,  F 


-28.  MEAN  COEFFICIENT  OF  THERMAL  EXPANSION  OF  Ta-lOW^ 


3est  Available  Copy 


J30Q 

2700 
2800 
2900 
3000 
3100 
37!  00 
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char.ical  Properties 

Tensile  Properties  at  Room  Temperature 

Ultimate  tensile  strength:  Tables  A-20  through  A-22 

Figure  A- 2 v 

Tensile  yield  strength:  Tables  A-20  through  A-22 
Figure  A-29 

Elongation:  Tables  A-20  through  A-22 
Figure  A-30 

Reduction  in  area:  Table  A-22 

Modulus  of  elasticity:  28-30  x  1()6  peA'*' 

Effect  of  Temperature  on  Tensile  Properties 

Ultimate  tensile  strength:  TableB  A-23  through  A-26 

Figures  A-31  through  A-34 

Tensile  yield  strength:  Tables  A-23  through  A-26 
Figures  A-32  and  A-34 

Elongation:  Tables  A-23  through  A-26 
Figures  A-32  and  A-35 

Modulus  of  elasticity:  Tables  A-25  ar.d  A-26 

Figure  A-31 

Notched  Tensile  Properties 

Figures  A-36  and  A-37 

Creep  and  Stress-Rupture  Properties 

Tables  A-27  through  A-3C 
Figures  A-38  through  A-39 

Other  Selected  Mechanical  Properties 

Hardness;  Figure  A-40 

impact:  Figure  A-4  1 


!  =0 
t 


Fatigue:  Figure  A-42 


r 

I 
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TABLE  A-2C,  TENSLE- PROPERTY  REQUIREMENTS  FOR  ARC-CAST  ANT)  ELECTRON-BEAM-CAST  T«-10W 
FLAT  MILL  PRODUCTS^8*1) 


Yield  .Strength 

Elongation  in  2  Inehei,  per  cent 

Teniile  Strength, 

1000  pii 

(C.  2<fr  Cffiet), 

1C00  psi 

Specimens 

C.021  - 

Specimens 
0,0C£  . 

Condition 

Min 

Max 

Mir.  Max 

C,  1875  Ir.,  Thick 

0.  C2C  In.  Thick 

As  rolled 

150 

19C 

140  ISO 

-- 

-- 

Stress  relieved 

-30 

13  C 

80  120 

5 

3 

Recry  st  ah  lzat  ion  annealed 

70 

100 

60  90 

20 

15 

(a)  Fo:  tar,  plate  ihee:,  atr ip,  anc  foil.  Teniile  prupertlei  iball  be  dete.-r.'.lneE  uiing  a  main  rare  of  0,  CC5  Inch  per  inch  per 
minute  through  0.6  par  cent  cffiet,  ani  o.  02  to  C.OS  inch  per  inch  per  minute  tc  fracture. 


TABLE  A-ZI.  TENSILE -PROPERTY  REQUIREMENTS  PCR  ARC-CAST  AND  ELECTRON-BEAM-CAST  Ta-lOW 
ROD  AND  WIRE<4X2) 


Condition 

Tensile  Strength, 

1 00  C  pst 

Yield  Strength 

CC ,yi»  offset), 
iCOO  pst 

Elongation, 

,  ner  cent 

Min  Max 

Vain 

Max 

In  2  In,  (Rod) 

Ir.  1C  Ir..  (Wire) 

As  worked 

150  19C 

140 

183 

-• 

-- 

Stress  relieved 

*<? 

- 

•> 

Recrystall !  zat  ion  annealed 

70  ICO 

60 

90 

10 

:o 

(a)  Tensile  properties  liiall  be  determined  -smg  i  stra;..  rate  of  C. dd  inch  pc:  l.ic..  pc:  minute. 


? 
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TABLE  A -22.  SOME  SELECTED  ROOM-TEMPERATURE  TENSILE  PROPERTIES  OF  Ta-lOW 


_ Condition 

Annealed  sheet  (2200  F,  123.3  114.1  13  --  10 

0.028  incli)(a) 

Annealed  sheet  (2000  F,  90.0  82.2  2C  --  10 

’0.028  inch)(a) 

Stress-relieved  sheet  (3  hr  109.1(E)  101.1(1.)  15. 8(  .)  —  4 

22 SO  i:,  0. 040  inch/(a) b) (c)  112.9(T)  112.9(T)  14.7(T)  —  4 

Cold -worked  sheet  ('*>5%,  180.0  164.0  4  --  11 

0.  060  inch) 

Rrcryslalli/.ed  sheet  90.0  83.5  28.5  —  11 

(o.  OiK)  ini'li) 


Annealed  sheet  (0.020-  70.0(min)  fiO.O(min)  15(min)  --  12 

0. 250)(c) 


Annealed  sliced) 

80.0 

07. 0 

25 

" 

7 

Cold -rolled  sheet  (50%)<d> 

147.0 

146.5 

3 

— 

7 

Cold-rolled  sheet  (90%)(d> 

160.  0 

— 

1 

- 

7 

Stress-relieved  rod  (rolled 

134.8 

125. 9 

31 

83.2 

5 

83%,  1  hr  2190  F,  0. 125  inch/e> 

Recrystallized  rod  (rolled 

90. 1 

76.5 

35 

59.0 

5 

83'%,  1  hr  2730  F,  0. 125  inch)w 

Annealed  bar  (2200  F, 

106.4 

99.6 

24 

10 

1  /•!  inch)(a) 

Annealed  bar  (2000  F, 

34.2 

70.6 

34 

— 

10 

1/4  inch/'*) 


(a)  Average  of  two  values.  Test  rate  0.  005  inch  per  inch  per  minute  to  0. 2  per  cent  yield,  0.  02  inch  per  inch  per  minute  to 
failure.  Typical  analyses  0.  0080)1.  C,  0.  004  0%0,  0.0100%N,  and  O.  0005%  H. 
r  )  A  rr  Melted.  Test  rate  0.  005  inch  per  inch  per  minute  to  0.  6  per  cent  offset,  and  0.  05  inch  per  inch  per  minute  to  fracture. 

AmIvh'.  'i.H'/W,  0.  0019%  C.  I).  01)18“ !.(!,  0.  0019%  N,  0.  0(1 !  5%  Fe,  0.  0005%  Cr.  0. 0005%  Ni,  and  <0.  001  0%  Mo. 
n  )  le.r  rale  it . 005  inch  per  inch  per  minute  to  0.0  per  cent  offset,  and  0.02  to  0.05  inch  per  inch  per  minute  to  fracture. 
Cotnp'sition  shall  conform  to  the  following  maxi  mums  0.  00507.  C.  0.  0070%  O.  0.  0030%  N,  0.  0000%  II,  0.  1 0%  Cb, 

•  :.007l'%Ke,  0.  0300%  Mo.  0. 0070%  Ni,  and  have  a  tungsten  range  of  8.5  to  11  per  cent. 

(d)  Electron-Beam  Melted.  Typical  analyses  9- 1 1%  W.  0.0nd0%0.  0.  0030%  N,  <0.00]0%H,  0.0020%C,  0.050%  Oh.  and 
others  0.02  0%. 

(c)  ,\:c  Melted.  Average  of  two  values.  Crosshead  speed  0.  <12  inch  per  minute.  Analyses  0.  00 1 5%  C,  t).  (HU  0%  Cr, 

. . .  IV.  0.  00257.  Mo,  II.  0025%  N.  0.  OOMrJ.  Ni,  0.  01111%  Ni.  0.  0025%  Si.  and  0.  0010%  Ti. 


Tensile 
Strength, 
1000  psi 


Yield  Strength 
(0.2%  Offset), 
1000  psi 


Elongation, 


Reduction  in 


Reference 


mu 


FIGURE  A-3C.  EFFECT  OF  ROLLING  TEMPERATURE,  CHAMBER  PRESSURE, 
AND  PER  CENT  DEFORMATION  ON  THE  ROOM-TEMPERATURE 
TENSILE  DUCTILITY  OF  AS-ROLLED  T&-10W  SHEET*13) 

Tested  at  0.  005  inch  per  inch  per  minute. 

Irr.purity  PPM 

C  12-26 

0  12-36 

N  22-44 

H  1.9-2. 5 


TABLE  A -23.  TENSILE  PROPERTIES  OP  ANNEALED  Tt-lOW  SHEET  AND  BAR  AT  2200  F<*X1C> 


Form 

Annealing 

Temperature, 

F 

Teruile  Ylele  Strength 

Strength,  (D.2£Off»et), 

10CS  nl  1COO  oil 

Elongation, 
per  cent 

Sheet,  0.028  inch  22C3 

<i  oO  0 

58. 8  53.7 

3T.i  3 

11 

36 

Bat,  3/8  Inch 

2200 

2600 

38.3  34.1 

36.2  25,3 

13 

30 

(*)  Average  cf  two  values.  Test  rate  0.005  inch  per  uich  per  minute  to  0, 2  per  cent  yield, 
and  C,  02  Lnch  per  inch  pet  minute  to  failure.  Typical  analyse*  0,  0080^  C,  Q.0C40fr  0, 
O.ClCOftN,  and  0. 0005ft  H. 

TABLE  A -24. 

TENSILE  PROPERTIES  OF 
(C.  C40  INCH)  AT  2CC0  T 

ARC-CAST  STRESS -RELIEVED  Ta-1 
0  3000  f(»K4) 

OW  SHEET 

Temperature, 

F 

S  length, 

1000  p&l 

1  Iclv.  S'.rcil^L. 

(C,  2ft  Offiet), 

1000  pH 

Elongation, 
per  cent 

200C 

60.7 

55.1 

11 

2400 

35.  5 

31." 

10 

3000 

19.2 

16.4 

84 

(a)  Strew  relieved  fcr  3  hours  at  2250  F.  Tested  at  0. 05  inch  per  inch  per  rrinute. 
Analyses  9. MoW,  0.0019^  C.  C.0318ftC.  0.  OOICWSN,  O.OOIVNFe,  '■.•'■COS**  C: 
Ore  N:f  a::d  C.OCIC^  Mr. 
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TABLE  A  -it.  TENSILE  PROPERTIES  OF  ARC-CAST  S  TRESS -RELIEVED  T.-10W  SHES1<*XH) 


Teruile 

Yield  Strength 

Modului  of 

Temperatures 

strength, 

(0.2*Off«et), 

Elongation 

Elutldty, 

P 

1000  pal 

1000  ptf 

per  cent 

106  pd 

RT 

166.0 

165. 0 

1.3 

85.0 

164.0 

162.0 

3.3 

25.3 

166.  C 

160.0 

3.3 

24.0 

500 

135.; 

137.0 

0.3 

24,0 

143.  C 

140.0 

2.0 

23.0 

1COO 

:s:.o 

125. 0 

0.9 

21.  S 

132.0 

12G.  0 

1.3 

20.8 

1600 

104.0 

96.3 

2.7 

19.0 

104.0 

96.4 

3.3 

18,0 

2000 

77.9 

64.  4 

6.7 

15.6 

77.8 

64.  7 

7.3 

15.1 

-5.; 

62.  -1 

7.3 

15.  1 

2500 

50.  c 

3-j.Q 

6  4 

13. 6 

53.5 

40.2 

8.3 

3.4 

61.4 

48.5 

8.  7 

!0. 

; 

7.0 

u,  ? 

3000 

19.0 

13.0 

33,4 

5.5 

20,2 

14.2 

33.0 

6.2 

21.6 

15.1 

20.0 

5.0 

(a)  Test  Conditions: 

At.  ospncrc 

Argon 

Sage  Lengrr. 

1.6  ir.. 

Street  Thickness 

C.040  in. 

Analyses 

0.00617?  O,  O.OOClft  H, 

0.0015*  N.  0 

0014ft  C, 

0.001210  Fe.  0.0010*  Cr, 

ar.c  0.  OOlO^c 

S'i 

Sic  till)  J  cf  iicntillg 

Rcsistar.Cv- 

Ti;nc  tc  Temperature 

200  r/lec 

Hold  at  Temperature 

5  mir.jte* 

Strain  Rates 

0.001  In.  /In.  /see  :c  yield 

fl 

I  ! 

! 


Tensile  Strength,  IOOO  psi 


140 


Temperature,  F 


*■  4MI4 


FIGURE  A- 31.  TYPICAL,  ELEVATED-TEMPERATURE  TENSILE 

PROPERTIES  OF  ELECTRON-BEAM -MELTED 
Ta-lOW  SHEET*7* 


Typical  analyses: 


Weight  Per  Cer.t 
9-11 
0, 0C6Q 
0.  0030 


H 

C 

Cb 


<0, 0010 
0. CGZC 
0.050 
n . 0Z0C 


Modulus  of  Elasticity,  10' 


Tcn%ite  Sticngtt),  IOCK)  pai 


FIGURE 


&.-81 


A-32,  EFFECT  OF  TEMPERATURE  ON  THE  TENSILE  PROPERTIES 
OF  WROUGHT  ARC-CAST  Ta-lOW  SHEET  (0.  060  INCH)*15' 

Approximate  strain  rate  of  0,  01  inch  per  inch  per  minute. 

Total  interstitial  content  approximately  0,  007  0  per  cent. 

Tested  in  argcn. 


IGURE  A  -  3  3 .  EFFECT  OF  TEMPERATURE  AND  STRAIN  RATE 
OX  THE  TENSILE  STRENGTH  OF  WROUGHT 
ARC-CAST  Ta-iCW  SHEET  (0.  060  INCH)!15) 

Total  interetitial  content  approximately  0,  007  0  per 
cent.  Teated  in  argon. 


TABLE  A-26.  TENSILE  PROPERTIES  OP  Ta-10W  AT  2500  TO  4500  F  USING  RAPID  LOADING  RATES(aX1&) 


Temperature, 

F 

Loading 

Rate, 

psi/see 

Tensile 

Strength, 

1000  psi 

Yield  Strength 
(0. 2°/o  Offset), 

1000  psi 

Elongation 
in  1  Inch, 
per  cent 

Modulus  of 
Elasticity, 

i.nt!  n.si 

2500 

12,400 

63.4 

-- 

3.0 

fv  n 

59.2 

44.0 

3.3 

8.5 

5.1.4 

44.0 

11.0 

6.  1 

3000 

4,500 

24.7 

17.7 

7.4 

5.8 

25.8 

14.3 

15.0 

3.6 

25.6 

13.3 

16.9 

2.0 

3500 

1,960 

17.1 

12.4 

21.2 

1.22 

15.4 

12.75 

25.6 

1.35 

15.6 

8.8 

26.0 

1.39 

4500 

1,930 

8.6 

3.6 

16.8 

0.  19 

6.3 

-- 

21.2 

-- 

7.7 

3.5 

11.9 

0.  19 

(a)  Annealed  O.OGo-inch  sheet  tested  in  argon. 


Yield  Strength [02  %  Offset).  1000  psi  Tensile  Strength,  1000  pci 


Roi led  ct  '00  victors 


Rolled  ct «l  V.cton 


FIGURE 


-34  EFFECT  OF  ROLLING  TEMPERATURE,  CHAM3ER  PRESSURE, 
AND  PER  CENT  DEFORMATION  ON  THE  -300  F  TENSILE 

STRENGTH  OF  AS-ROLLED  Ta-lOW  SHEET  (13> 


Tested  at  C.  005  inch  per  ir.ch  per  minute. 


a  rr.  purity 

C 

O 

N 

H 


PPM 


12-26 

12-36 
22-44 
1.9-2.  5 


Elongation,  percent 


Rolled  at  IOO  Micron* 


Rolled  gM  Micron 


FIGURE  A- ->3.  EFFECT  OF  ROLLING  TEMPERATURE ,  CHAMBER  PRESSURE, 

AND  PER  CENT  DEFORMATION  ON  THE  -300  F  TENSILE 
DUCTILITY  OF  AS-ROLLED  Te-lOW  SHEET*13' 


Tested  at  0.  005  Inch 

per  inch  per  minut 

Impurity 

PPM 

c 

12-26 

o 

12-36 

N 

22-44 

H 

1.  9-2.  5 

I 

Finished  Dimensions 
Do  =  0.180 

D  i  =0 

Ru  =  0. 


S iiuojad'Dajv  u,  O0'*3npay 


Notch -snored  Strength  Unite 


(»)  3  ho'jri  tt  2250  F.  Anilyiei  9,8%W,  D.S019^C,  0,0013%0,  O.OOlS^iN,  Q.0915%Fe,  0,0005%Ct, 
0.0005%  Ml,  and  <0.0010%  Mo. 

(b)  1  hour  i!  2730  F.  Data  obtained  from  it»U  buttor. -type  ingota. 


FIGURE  A  -  3  8 . 


TI.VE  FOR  C.i  PER  CENT  CREEP  AT  VARIOUS  STRESS 

LEVELS  FOR  Ta-13Wi;6) 


-.rtltillftlr 


Approx. 

Thermal  Loading  Time  to 


Temp, 

Stress, 

Exp,, 

Strain, 

" 

'line. 

sec,  to 

Produce 

.liJlCd 

ITU  P 1  *d 

slic  Cr 

c  Jr 

Rupture, 

Elcr.g. , 

? 

1000  DJI 

to. 

pe;  ten* 

0,  't-fO  0.5’;i 

1.  Cy; 

-.0-7; 

4.C> 

C  <V3% 

8.  gfr 

10.07 

sec 

pet  cent 

2000 

u 

Q.  0108 

0.  S3 

0.6 

7,1 

so 

87 

88 

.. 

aua 

« .  . 

"'ii- 

9|  • 

-JfS'’  - 

2000 

60 

O'.  27 

S’.O 

66 

Itt 

410 

770 

•• 

•  V 

— 

-8r&- 

2600 

SO 

0.0138 

0.27 

— 

0.6 

2.0 

4,8 

13 

46 

60 

-- 

6T 

14,0 

2600 

46 

0.0133 

0.21 

0.1 

0.3 

3.0 

8.0 

22 

78 

101 

114 

-- 

119 

19.9 

2600 

40 

0.0138 

0,30 

0.1 

2.0 

1L.0 

26 

44 

30 

199 

-- 

-- 

910 

14.6 

3000 

18 

0.0162 

0.53 

— 

0.4 

1.0 

2.4 

5.1 

13 

S3 

68 

31 

260 

36.6 

3000 

16 

0,0162 

0.23 

7,0 

60 

137 

268 

626 

976 

1387 

1740 

2140 

-- 

21.3 

3600 

6 

0,0193 

0.07 

3.1 

8.5 

28 

63 

97 

172 

232 

280 

326 

466 

30.0 

3500 

6 

0.0193 

0.02 

31 

165 

3C5 

SCI 

815 

137C 

1760 

1980 

2160 

2660 

30.0 

4000 

6 

C.  3240 

C.  07 

C.  X 

1.6 

3.3 

6.C 

11 

21 

26 

31 

35 

49 

30.0 

4000 

4 

0.0240 

•• 

6.6 

62 

130 

225 

•* 

-- 

- 

— 

249 

(b) 

(a)  Ten  Condition.: 

Atmotphtte 
Gage  length 
Sheet  Thickne.li 
Analyte. 

Method  of  Keating 

(b]  Specimen  failed  in  radius. 


Argon 
1.5  In. 

0.040  In. 

0.0208*  0,  <0.0001*  11,  and  0.0006*  N 
Realitance 


TABLE  A -29.  CREEP-RUPTURE  PROPERTIES  FOR  ARC-CAST  STRESS-RELIEVED  Ta-lOW  SHEET 
AT  2000  p(*XH) 


Strew, 
1000  pal 

Approx, 

Thermal 

Exp., 

to. 

Loading 
Strain, 
per  cent 

Tima, 

0.38* 

hc,  to  Produce  Indicated  Plaitlc  Creep 

0,3* _ OiO* _ 1* _ »* _ 4*  _ 

Time  to 
Rupture, 

me 

Blong. , 

par  okh 

70 

0.0105 

0.4 

- 

0.4 

1.4 

2.7 

6.5 

12 

14 

7,3 

65 

0.  0105 

0.47 

0.4 

2.  5 

9.5 

21 

46 

74 

34 

7.  3 

65 

0.0106 

0.46 

1.8 

9.0 

32 

98 

148 

270 

280 

e.1 

60 

0.0105 

0.33 

0.1 

0.6 

2.8 

10 

27 

45 

49 

6.7 

60 

0.0106 

0,39 

2.0 

12 

34 

82 

174 

328 

332 

8.0 

55 

0. Qi05 

0.27 

3.0 

32 

140 

415 

841 

HAS 

I~49 

5.3 

50 

0. 0105 

0.25 

1C 

80 

235 

945 

2940 

- 

3635 

3.3 

(a)  Test  Condition!: 

Atmosphere  Argon 

Cage  Length  1.5  In. 

Sheet  Titickncss  0.040  in. 


Analyses 

Method  of  Heating 


O.COol^O,  eO.OSOl^K,  O.OOlo^N,  C.OCl^C,  C.C012^?e, 
O.OOiO^Cr,  aac  0.  0310*  N: 

Reiliunee 


«  ii I 


s 
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TABLE  A-30.  CREEP-RUPTURE  PROPERTIES  FOR  ARC -CAST  STRESS -RELIEVED  Ta-lOW  SHEET(a^14) 


Approx. 

Thermal  Loading  Time  to 


Stress,  Exp.,  Strain,  _ Time,  sec,  to  Produce  Indicated  Plastic  Creep _  Rupture,  Elong. , 

1000  psl _ In.  percent  0.05%  0.2%  0.5%  1%  gft  4fy  6%  8%  10%  sec _ pet  cent 


55 

0.0138 

0.35 

m  _ 

_  _ 

0.9 

At  2500  F 

1.5  2.6 

3.0 

4.0 

_  _ 

_  _ 

5.0 

8.7 

50 

0.0138 

— 

-- 

-- 

— 

-- 

— 

-- 

-- 

— 

3.2 

18.7 

50 

0.0138 

-- 

— 

— 

2.0 

8.0 

45 

0.0138 

0.27 

0.5 

3.0 

10 

31  68 

166 

185 

-- 

-- 

187 

12.7 

45 

0.0138 

0.27 

0.2 

1.2 

3.0  5.0 

10 

1.1 

-- 

13 

8.0 

40 

0.0138 

0.3 

0.1 

1.2 

3.0 

8.5  18 

36 

39 

- 

- 

43 

10.0 

35 

0.0138 

0.26 

0. 1 

3.4 

15 

35  76 

134 

170 

179 

- 

183 

12.0 

20 

0.0162 

_  _ 

__ 

At  3000  F 

.. 

_  _ 

14 

33.3 

id 

0.0162 

.. 

_ 

-- 

__ 

-- 

-- 

-- 

-- 

-- 

43 

37.4 

18 

0.0162 

-* 

— 

— 

49 

36.7 

Id 

0.0162 

0.5 

1.0 

2.0 

7.0 

25  59 

110 

161 

225 

263 

522 

30.0 

Hi 

0.0162 

0.67 

-- 

0.9 

1.3 

2.0  5.0 

14 

57 

87 

122 

235 

36.0 

14 

0.0162 

0.7 

- 

0.2 

1.1 

1.9  4.0 

19 

52 

86 

107 

167 

22.6 

12 

0.0162 

0. 16 

17 

45 

92 

185  344 

672 

1095 

1430 

1786 

1780+ 

33.2 

10 

0.0193 

0.54 

_ 

0.4 

0.9 

At  3500  F 

2.0  3.5 

7.0 

12 

16 

23 

76 

31.3 

8 

0.0193 

0.07 

13 

33 

51 

83  143 

242 

275 

345 

393 

462 

24.0 

8 

0.0193 

0. 13 

1.0 

5  30 

110 

185 

220 

260 

405 

27.3 

6 

0.0193 

0.07 

17 

63 

145 

278  490 

871 

1145 

1280 

1395 

1663 

22.0 

4 

0.0193 

0.03 

52 

187 

440 

905  1624 

2410 

- 

— 

- 

2490 

6.0 

0 

0.024 

0.07 

0.2 

1.1 

At  4000  F 

2.0  3.0 

6.0 

10 

13 

18 

41 

30.7 

6 

0.024 

0. 13 

0.3 

1.0 

1.7  3.2 

5.0 

7.0 

9.0 

10 

21 

26.7 

4 

0.024 

0.03 

4.0 

35 

76 

142 

- 

- 

- 

- 

220 

(b) 

- 

0.024 

- 

57 

180 

450 

- 

- 

- 

- 

503 

(b) 

(a)  l  ea  Conditions: 

Atmosphere  Argon  Analyses  0.0051^0,  <0.0001<fr  H.  0.0015^oN,  O.ijuiS^oC. 

Gage  Length  1.5  in.  O.OOlOTo  Fe,  0.0010^5)  Cr,  and  0.00 10^  Ni 

Sheet  Thickness  0.040  in.  Nletiiod  of  Heating  Resistance 

(b)  Specimen  failed  in  radius. 


» 
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FIGURE  A- 39. 


680  20  3040  60  8000  ZOO  300  400  800 

Trr*  to  Ruptun,  minulM  *.um 


STRESS-RUPTURE  STRENGTHS  OF  WROUGHT 
(REDUCED  >90%)  Ta-i3W  SHEET  AT  ELEVATED 
TEMPERATURES 


Note:  Material  from  Reference  (19). 


Analyses  0.0110%  O,  0.0015%C,  0.  0025%  N, 
0.3050%Fe,  <0.  0001%  Cr, 

0.0050%  Ni,  <0.  000  3 %  Si,  <0.  0010%  Ti, 
anti  <0.  3C0  3?o  Mo. 


FIGURE  A-40.  EFFECT  OF  COED  ROLLING  ON  THE  HARDNESS 
OF  Ta-IQW  SHEET*7* 


FIGURE  A- 41,  CHARPY-KEYHOLE  IMPACT  CURVE  FOR 

ELECTRON-BEAM-MELTED  Ta-lOW*20* 


FIGURE  A-  42, 


COMPLETELY  REVERSED  SHEET-BENDING  FATIGUE 
PROPERTIES  OF  COLD  ROLLED  Ta-IOW  SHEET 
(0.  025  INCH)  AT  ROOM  TEMPERATURE (2 *) 


A -62 


Metallurgical  Properties 

a.  Fabr icability •  forging  temperatures  range  from  about  2200  F  for  breakdown  to  as 
low  as  1500  F  after  50  per  cent  reduction.  It  is  important  to  main¬ 
tain  temperatures  below  2300  F,  to  maintain  a  slightly  reducing 
atmosphere  at  all  times,  and  to  minimize  furnace  heating  time. 
Open  hammer  upsetting,  piercing,  and  drawing,  as  well  as  closed 
die  forging,  may  all  be  satisfactorily  accomplished.  Breakdown 
temperatures  for  annealed  sheet  bar  range  from  500  to  700  F,  and 
80  per  cent  reductions  are  possible  between  anneals.  Finish 
rolling  is  accomplished  at  room  temperatures,  and  cold  reductions 
up  to  90  per  cent  may  be  obtained  between  anneals.  ^ 


b.  Transition  temperature: 


Transition  Temp,  F^^) 
Unnotched  Notched 


Wrought  <-420 

Recrystallized  <-420 


<-420 

-360 


c.  Weldability:  electron- beam  welding  or  inert-gas  fusion  welding  are  used. 

Stress- relieved  or,  preferably,  fully  recrystallized  starting  mate¬ 
rial  should  be  used.  The  properties  of  properly  welded  Ta- 10W 
are  essentially  the  same  as  those  of  the  base  metal.  (?) 


d.  Stress- relief  temperature:  1  to  3  hours  at  2000  to  2250  F^»  ^ 

e.  Recrystallization  temperature:  1  hour  at  2400  to  2730  F^>  ^ >  ^3) 

Figures  A-43  and  A-44 


Best  Available  Copy 


FIGURE  A-43.  ANNEALING  AND  HARDNESS  CURVES  FOR  Ta-lOW*15' 

Double  -  arc-melted  3- 1 /2-inch-diameter  ingot,  forged 
at  1500  F  to  l-inch-thick  sheet  bar;  annealed  1/2  hour 
at  27  3C  F,  cold  rolled  to  0.  06C-inch-thick  sheet,  95 

per  cent  reduction  in  area. 


Tenipera?ure,  F  A-41Z39 


FIGURE  A-44 ,  EFFECT  OF  15-MINUTE  ANNEALING  TEMPERATURE 
ON  THE  HARDNESS  OF  90  PER  CENT  COLD -ROLLED 
ELECT  RON -BEAM- MELT  ED  Ta-IOW  SHEET*7' 
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Ta-IZ.  5W 


Identification  of  Material 


n,  Designation:  STa-880  (Stauffer! 

b.  Chemical  composition:  typical  analyses  of  electron-beam-melted  ingot!1) 


Element 


W eight  ?e  r  Cent 


W 

O 

N 

C 

tr 

Cb 

Others 
T  a 


11.  5-13.  5 
0.  0020 
0.  0020 
0.  0020 
0.  C010 
0.  0500 
0.  0200 
Bal. 


c.  Forms  available:  ingot,  billet,  bar,  forgings,  plate,  sheet,  foil,  wire, 
and  tubing! 1 / 

2.  Physical  Properties 

a.  Melting  point:  5520  F  (calculated)!') 

b.  Density:  0.  610ib/in.  '  (calculated)!1) 

3.  Mechanical  Properties 

a.  Tensile  Properties  at  Room  Temperature 

Ultimate  Tensile  Strength 

(0.  040-Ir..  Sheet), 

_ : ooo  psj _ 

Melting  Ccr.ditmr.  Dcr.gitudtr.al  Transverse  Reference 

Electron  Annealed  102.0  102.  0  (1) 

beam 

Arc  1  hour  at  29i0  F  103.  Cl!a)  --  (2) 


(23  Bettor,  ingot,  0,05  inch  per  mlr.ute  ctcwhead  ipeed. 
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rensile  Yield  Strength  (G.  2*7o 
Offset!  (C.  C40-ln.  Sheet), 


1  300  psi 


Melting 

Condition 

Long  itudinal 

Transverse 

Refe  rer.ee 

Electron 

Annealed 

^3.0 

90.  0 

0! 

beam 

Arc 

1  hour  at  2910  F 

95.  6(a) 

-- 

(2) 

(*)  Button 

Melting 

ir.got,  0.  02  inch  per  rr.inute 

Condition 

crosshead  speed. 

Elongation  {0, 
per 

Longitudinal 

,040-In.  Sheet), 
cent 

Transverse 

Reference 

Electron 

Annealed 

21  (2  in.  ) 

23  (2  in.  ) 

(l! 

beam 

Arc(a) 

1  hour  at  2910  F 

13(1  in.  ) 

-- 

(2) 

(a)  Burton  ingot. 

Effect  of  Temperature  on  Tensile  Properties 

Temperature , 

Melting  Condition  F 

Ultimate  Tenaile 

Strength  (0.  C40-!n. 

Sheet!,  1000  ns:  Ref;:  l-ct.cc 

Arc 

I  hour  at  2910  F 

2190 

50.  5<a> 

£2) 

Arc 

1  hour  at  2910  F 

2700 

33.  l<a> 

(2) 

A  rc 

1  he  :r  ill  2'.’  ]  0  F 

3000 

22.o(.n 

(2) 

Arc 

1  hour  at  2910  F 

3500 

13,  0(a) 

(2) 

Electron 

Annealed 

4900 

1.  860 

(1) 

beam 

Electron 

Annealed 

5300 

C.  930 

(1) 

beam 

(a)  But  ten 

Melting 

ingot,  0.  05  Ir.ch  pur  minute 

Condition 

crossiiead  speed 

Temperature , 

F 

Tens;le  Yield 
Strength  (0.  2% 
Offset  J  (0.  040-In. 

Sheet },  1000  psi 

Rc  fo  r  e  nec 

Arc 

1  hour  at  2910  F 

2190 

33. 0(a) 

(2) 

A  rc 

I  hour  at  2910  F 

2700 

2  3.  2lft) 

(2) 

A  rc 

!  hoar  at  2  V  j  0  F 

300C 

16.  7’r' 

(2J 

Arc 

1  hour  at  2910  F 

350C 

ft 

o 

o 

(2) 

Ej  <*;i  no*', 

A  nr.  enl  cd 

4900 

1  .  4  30 

;  | ) 

btcirr. 

Electron 

Annealed 

5300 

0.  8b Q 

a) 

beam. 

(a)  Button 

ingot,  0.0  i  inch  per  minute 

crosshead  speed, 
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Elongation  (0.  040-In. 

Temperature,  Sheet in  1  Inch, 

Melting  Condition  F  per  cent 


Arc 

1  hour  at  2910  F 

2190 

18 

Arcl=! 

1  hour  at  2910  F 

2700 

3C 

A  -c  (,l' 

1  hour  at  2910  V 

300u 

55 

Arc'^ 

1  hour  at  2910  F 

3500 

52 

(a)  Sutter.  inget. 


c.  Other  Selected  Mechanical  Properties 

Bend  ductility:  0.040-inch  sheet,  annealed  1  hour  at  2910  F^ 
Temperature,  Minimum  Bend  Radius, 


75 


0 


-320 


3 


4.  Metallurgical  Properties 

a.  Fabricability ;  breakdown  temperatures  should  be  above  2000  F.  After 

at  least  50  per  cent  reduction  and  process  annealing, 
temperatures  for  final  sheet  rolling  can  be  reduced  to 
n«  low  as  700  F.  Ta -12.  FW  can  be  rolled  thin 
sheet,  spun  into  various  shapes,  and  formed  and  welded 
into  tubing.  Annealed  sheet  can  be  spun  without  difficulty 
at  room  temperature. 

b.  Transition  temperature:  <-320  F  for  a  4T  minimum  bend  radius^) 

c.  Weldability:  sheet  can  readily  be  welded  by  either  electron-beam  or  inert- 

gas-fusion  techniques.  As-welded  Bheet  has  properties 

essentially  the  same  as  those  of  the  base  material;  how¬ 

ever  welding  increases  the  transition  temperature  markedly. 

d.  Stress-relief  temperature:  1  hour  at  2CQ0  to  237C 

e.  Rec ry stallizatior.  temperature:  1  hour  at  2730  to  29  1  C 


1-Hour  Annealing  .  emperatu  re,  F 


laranesa 


(2) 


Rolled  45% 


VHN _ 

Rolled  65% 


L»a  s  i 
W  r  ought 
1C  ;o 


2b 0  111 

345  366 


2  37  C 
255  0 
2730 
2910 

(a)  >  5  per  ccr.’.  rccrysrallized. 


28  7 
276 
2b4<*) 


3  1  7 

292 

256lai 

251 
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T a-3QCb-7.  5V 

Identification  of  Material 

a.  Chemical  composition:  7a-(28-32)Cb-(5-8)V 

b.  Forma  available:  ingot -and- fabricated  shapes- available  from  supplde-rs  on 

a  beBt  efforts  basis 

Physical  Properties 

a.  Melting  point:  4405  F  ±  90  F  (for  Ta~28.  8Cb- 7.  1  V)< 1 ) 

b.  Density:  0.  425  lb/in.  ^  (calculated) 

Mechanical  Properties 

a.  Tensile  Properties  at  Room  Temperature 

Ultimate  tensile  strength:  Tables  A-31  and  A-32 
Tensile  yield  strength;  Tables  A-31  and  A-32 
Elongation:  Tables  A-31  and  A-32 
Modulus  o:  elasticity:  2!.  5-2.3.  5  !  0^  p.si1-"' 

b.  Effect  of  Temperature  on  Tensile  Properties 

Ultimate  tensile  s'  rer.gLk .  ■■‘lit.ii’es  A -  5  c  1  A- 
Tensile  yield  strength;  Figure  A-45 
Elongation:  Figure  A-45 

c.  Other  Selected  Mechanical  Properties 


Bend  ductility: 


Test 

Direction 

Sheet  Thickness, 

T emperatu  re , 

F 

Minimum  Bend 

Radius  ,  T 

Ta-32Cb-5.  IV  (1 

Hr  2300  F)(2) 

Longitv.din.il 

0.  04  C 

75 

0 

Longitudinal 

C.  040 

-  320 

0 

T  ransverse 

0.  C40 

75 

0 

T ran sve  rs; 

O 

o 

b 

-  ?,  20 

0 

Ta-  28.  3Cb-  7 .  i 

(]  ilr  .taco  F!-;-i 

longitudinal 

0.  045 

75 

0 

Longitudinal 

0,  045 

-320 

0 

Transverse 

0.  045 

75 

0 

Transverse 

0.  045 

-320 

0 
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TABLE  A -  31.  ROOM -TEMPERATURE  TENSILE  DATA  FOR  ARC -CAST  Ta-28.  SCh-7.  IV  SHEET  (U.  (MS  INCll/aH2> 


Test 

(.ondiiLin 

lest 

Direction 

Tensile  Strength. 

I0OU  psi 

Yield  Strength 

(  jt  2°;.-  OffstM  V 

tuUO  psi 

Elongation  in 
1  Inch, 
per  ceil  I 

Stress  relieved 

Longitudinal 

1M 

1.19 

’"""'in 

(  I  /*!  hour  1  son  i  ) 

Longitudinal 

l  r.r. 

139 

18 

T  ransverse 

la-i 

142 

1  3 

T  ransverse 

165 

142 

13 

He  cry  st  a  Hi  zed 

Longitudinal 

120 

104 

29 

(.1  hour  2200  F) 

Longitudinal 

120 

107 

2b 

T  ransverse 

120 

1U5 

20 

Transverse 

121 

10G.5 

20 

(a)  Crosshead  speed  0. 

02  inch  per  minute  i 

jp  to  yielding,  and  0.05  inch  per  minute 

to  fracture.  Analyses  G.C. 3 

</•  O,  0.  OOEFJb  N , 

0.  DOSS'?.-  O.  am)  <0.  OOOT?,.  H. 


TABLE  A  -32.  COMPARISON  OF  ROOM -TEMPERATURE  TENSILE  PROPERTIES  OF  RE  CRYSTALLIZED  Ta-Ch-V 
ALLOY  SHEET 


Alloy- 

Composition 

Test 

Direction 

Tensile  Strength, 

1000  psi 

Yield  Strength 
(0, 2‘/o  Offset), 

1000  psi 

Elongation  in 

1  Inch, 
per  cent 

T.i-3ECb-5.1V<h> 

Longitudinal 

98 

8u.  5 

32 

( I  hour  2  Jon  F; 

Longitudinal 

loo 

80 

25 

u.u40  Inch) 

Longitudinal 

105 

87 

20 

T  ransverse 

100 

77 

28 

T  ransverse 

110 

89 

26 

T  ransverse 

104 

86 

J_8 

Average 

103 

83 

26 

Ta-ES. FCb-7.  iv(c) 

Longitudinal 

120 

104 

29 

(1  hour  2200  F; 

Longitudinal 

120 

100 

28 

0.u46  inch) 

T  ransverse 

12(1 

!  l>5 

20 

T  ransverse 

121 

107 

20 

Average 

120 

1  05,  5 

27 

(a)  CrosdicaJ  >poed  0.  E  inch  per  minute  up  to  yielding,  and  U.UG  inch  per  minute  to  fracture. 

(b)  Analyse*  0.002!*?.  C.  n.OO.T/,.  N,  0.  U042y.  O.  and  0. 0002<?>  II. 

(i)  Anaiyses  o.o:-?".  C.  O.OOT/oN.  O.OOftrt^O,  and  <0.  00019' II. 


Elonqction  m  f 


FIGURE  A--15. 


EFFECT  OF  TEMPERATURE  ON  THE  TENSILE  PROPERTIES 
OF  ARC-CAST  Ta-28.  8Cb-7.  IV  SHEET  (0.  045  INCH)*2’  3> 


Impurity 

C 

N 

O 

II 


Weight  Per  Cent 
0.013 
0.  005 
0.  0088 
<0.  0001 


Tensile  Strength,  1000  psi 


FiG'JRE  A-46.  strength  comparisons  of  reckystaeiezkd 
T.i-Cb-V  ALLOY  SHEET  PREPARED  FROM  30- 
AND  1  /  3-POUND  ARC-CAST  INGOTS 
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etnllurgical  Properties 

Fabricability:  extrusion  temperatures  should  be  on  the  order  of  3200  to 

3600  F;  forging  can  readily  be  accomplished  at  2200  to  2400^), 
while  rolling  breakdown  is  conducted  at  about  1800  F^;  final 
rolling ,  after  intermediate  annealing,  is  performed  at  room 

I  ->  A\  b’l- 

temperature'“>  ' 

Transition  temperature:  <-320  f(2j4) 

Weldability:  inert-gas-fusion  welds  of  sheet  material  present  no  problem. 

As-welded  properties  closely  approximate  those  of  the  base 
metal  at  room  temperature,  t^) 

St  res  s- relief  temperature :  1/2  hour  1800  f(^) 

1  hour  2010  F(4) 


Recrystallization  temperature: 


Prior  Cold  Work,  1-Hr  Recrystallization  Temperature^,  F 

per  cent  reduction  Ta-32Cb-5.  IV  ^  Ta-28.  8Cb-7.  lV^'* 


25 

2300 

50 

2200 

75 

2100 

(a)  0. 00025%  C.  0.  005%  N,  0.0042%O,  and  0.0002%M. 

(b)  0.  013"!  C.  0.  005%  N.  0.  00887b  O,  and  <0.  0001%  !!. 


2300 

2300 

2200 


Table  A-33 
Figure  A-47 


TABLE  A-33. 


EFEECT  OF  TEMPERATURE  AND  COLD  WORK  ON  THE  RE  CRYSTALLIZED  01  UN  SIZE  OF 
Ta-28.8Cb-7.1V  SHEET(aX2) 


1>.J* 

Cent  Cold  Worked 

50  Per  Cent  Cold  Worked 

75  Per  Cent  Cold  Worked 

1  -Hour 
Annealing 
Temperature, 
F 

Hardness, 

VHN<h) 

Average 

Grain 

Diameter, 

mm 

1-1  lour 
Annealing 
Temperature, 

F 

Hardness, 

VHN<b> 

Average 

Grain 

Diameter, 

inm 

l-llour 

Annealing 

Temperature, 

F 

Hardness, 

VIINOO 

Average 

Grain 

Diameter, 

mm 

2-200 

291 

PR(C) 

2200 

319 

PR(‘) 

2200 

218 

0,035 

•J-l<  j 

2*79 

0,090 

2400 

2G7 

0.  055 

2400 

211 

0.  035 

•JtJOO 

285 

0.110 

2000 

289 

0.000 

2000 

225 

0.090 

.Ui“0 

298 

0.  ISO 

3000 

297 

o 

4C 

o 

3000 

270 

0.130 

p.r.nO 

•2  ns 

>0.282 

3500 

285 

>0.282 

3500 

22  S 

>0.282 

(a )  Analyses  u.Oiy/r  C,  0.  l>nr><£  N,  o.  0088?.-  O.  <0.0001^11. 
(h)  KH<g  load. 

(< )  PR  =  partially  recrystallizod. 


II 


2600 


3000 


3400 


3800 

A~  *■  0  1 9  C 


■alure,  F 

EMPERAT'JRE  ON 

0  IIARONKSS  or 


)!etc  r ec ry sta)  1: y.at ior , 

;ght  Per  Cent 
0.01  i 
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T a-5W  -  2.  5Mo 


Identification  of  Material 

a.  Chemical  composition:  Ta-5W-2.  5Mo 

b.  Forms  available:  ingot  and  fabricated  shapes  available  from  suppliers  on  a 

best  efforts  basis 

Physical  Properties 

a.  Density:  0.595  lb/in.  ^  (calculated) 

Mechanical  Properties 

a.  Tensile  Properties  at  Room  Temperature 

Ultimate  tensile  strength:  Table  A-34 
Tensile  yield  strength:  Table  A-34 
Elongation:  Table  A-34 

b.  Effect  of  Temperature  on  Tensile  Properties 

Ultimate  tensile  strength:  Table  A-35 

Figure  A-48 

Tensile  yield  strength:  Table  A-35 

Figure  A-48 

Elongation:  Table  A-35 

c.  Creep  and  Stress -Rupture  Properties 

Figure  A-49 

d.  Other  Selected  Mechanical  Properties 

Bend  ductility:  reverse  bend  testing  for  annealed  0.  040-inch  sheet 
material^  ^  ^ 

Number  of  Successful  Bending  Operations  Before  Fracture, 

Bend  Axis,  Relative  to  Final  Rolling  Direction 

_ T  ransver  se _  _ Parallel _ 

Forward(a)  Revcrse(d)  F  o  r  w  a  r  d  ( a )  Re  ve  r  se(  b) 

3-4  1-3  2-4  2-3 

(a)  Rent  around  0  T  radius  (<0.0 IRC  inch)  through  a  :0f>~degree  angle. 

(h)  Flattened  to  original  condition  by  pressing  in  a  vise. 


T able  A  -  3  6 


A  -80 


I  A  1*1.1.  A  , *  1 .  ROOM -TEMPERA  TURF  TENSILE  PROPERTIES  OF  ARC-OAS1  T» -:.W -2.  .5Mo  SHEET  (0. Old  lNCH)(a)(l) 


K.dlmg 

1  nrection 

Ko  l*"i e 

to 

KMni'ion 

Direction 

Rolling 

Procedure 

Rolling 

Temp, 

F 

No.  of 

In-Process 

Anneals 

Final 
Rolling 
Red  net  ion, 
per  cent 

Tensile 

Strength,  lOOOpsi 

Y  ield  Strength 
(0.2%  Offset). 

1000  psi 

Elongation 
Inch,  per 

in  1/2 

cent 

Long. 

Transverse 

Lung. 

T  ra  ns  verse 

Long. 

Tiansverse 

J_ 

Straight 

SCO 

0 

DO 

0E.  9 

100.  3 

94.  1 

9G.G 

3t> 

37 

J. 

Straight 

looo 

0 

<10 

99.4 

102.3 

99.2 

lOu.  4 

37 

30 

Cross 

BOO  and 

0 

•Hi 

too.  0 

102.7 

oi.  o 

SX>.  G 

30 

38 

I  OOP 

Cross 

800  and 

0 

yu 

9d.  7 

9G.5 

89.  0 

88. 5 

35 

38 

looo 

Cross 

801) 

1 

G5 

102.  0 

105.3 

90.4 

98.  7 

37 

38 

Cross 

800 

1 

35 

101.  G 

103.  8 

88.0 

94.4 

3d 

34 

Cross 

801) 

3 

35 

103.9 

105.7 

94.5 

9G.8 

32 

34 

(.< )  Extruded  at  2d00  F  and  forced  to  sheet  oar  at  2"2 00  to  2300  F.  Test  rate  0.  005  inch  per  inch  per  minute  to  U.  d  per  ce- . 
yield,  and  0.25  inch  per  inch  per  minute  to  fracture. 

Typical  analyses  of  extruded  harr(-) 

Weight 

Per  Cent  _ PPM _ 

W  Mo  C  _C_  _N_  H 

-1 . 0  2.5  1  Hit!  35  2 


TABLE  A  -35.  TENSILE  PROPERTIES  OF  ARC -CAST  Ta-f.W-2.  5  Mo  SHEET  (0.  040  INCH)  AT  2700  F^X1) 


Rolling  Direction 
Relative  to 

Extrusion  Direction 

Rolling 

Procedure 

Rolling 
Ternp,  F 

No.  of 

In  -Process 

Anneals 

Final 
Rolling 
Reduction, 
per  cent 

Tensile 
Strength, 
1000  psi 

Yield  Strength 
(U.  2%  Offset). 

1 000  psi 

Elongation  in 
1/2  Inch, 
per  cent 

i 

Straight 

1000 

0 

90 

20.7 

19.5 

84 

Cross 

800  and  1000 

0 

90 

22.2 

20.  7 

32 

Cross 

800  and  1000 

0 

no 

20.  7 

19.8 

80 

Cross 

800 

1 

t>*j 

2".  4 

18.9 

81 

Cross 

800 

1 

33 

22.4 

20.  o 

70 

Cross 

8oo 

0 

3.  i 

21.9 

19.9 

80 

(a)  FMr.sded  a:  \y,vK 

F  and  forged 

to  <!i.*e!  h'«-  a:  2 

2u<J  to  ‘J30l»  F. 

Test  rate  0.  025 

inch  per  inch  per  minute. 

I  S.nw.l  a.:a!y>L 

c-f  extu.J*  J 

.,r;C) 

Ueichi 

I'.-:  rv-!t 

PPM 

V. 

f  i ' 

n  n 

Best  Available  Cop; 


4 


ress.  tOOO  psi 
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FIGURE  A--13.  EFFECT  OF  TEMPERATURE  ON  THE  STRENGTH  OF 
ANNEALED  (1  HOUR ,  2550  F)  Ta-5  W-2.  5  Mo  SHEET 
(0.  040  INCH)(3) 


Laboratory-produced  button  ingot. 


FIGURE  A-4'E  HIGH-TEMPERATURE  RUPTURE  CHARACTERISTICS 
OF  ANNEALED  (1  HOUR,  2550  F)  Ta-5  W-  2.  5  Mo 
SHEET  (I).  040  INCH)(‘1  > 


Laboratory-produced  button  ingot. 
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_ Room-Temperature  Minimum  Bend  Radius,  T  Value(a) _ 

Rolling  Stress-Relief  Annealed  Recrvstallizc  Annealed 

Temporal  lire.  As -Wrought  Condition  _ 1  Mr  .11  2000  F _  1  1  Ir  at  2000  F _ 

F  Longitudinal  Transverse  Longitudinal  Transverse  Longitudinal  Transverse 


I'uor  Hislorv 


90  Per  Cent  Finish  Reduction:  Straight  Rolled;  No  In-Process  Anneals 


Extruded  2000  F,  1  hr 
3000  F;  forged  2300  F, 
1  hr  2800 F 
Ditto 


Ditto  80U-1U00 

Extruded  2  tied  F;  forged 
2:MK>  F,  1  hr  2800  F  800-100O 


Extruded  2000  F;  1  hr 
3000  F;  forged  2300  F. 
1  hr  2800  F 


800^ 

1-3 

10-13 

0 

n 

0 

0 

1000(b> 

1-3 

7-9 

0 

0 

0 

0 

800(c) 

3-4 

8-13 

0 

0 

u 

u 

90  Per  Cent  Finish  Reduction:  Cross  Rolled;^)  No  In-Process  Anneals 
800-1000  0-2  1-4  0  0 

800-100O  1-3  4-0  0  U 

00  Per  Cent  Finish  Reduction:  Cross  Rolled;^)  One  In -Process  Anneal 


800  0-3  2-3  0  0 

30  Per  Cent  Finish  Reduction:  Cross  Rolled;^)  One  In-Process  Anneal 
800  0-2  0-2  0  0 

30  Per  C e nt  Finish  Reduction:  Cross  RolIed;(^)  Three  In-Process  Anneals 
HOC  2-4  0  0  0 


(a)  Values  obtained  from  two  to  four  teits  for  each  condition  cited. 

(h)  Rolled  perpendicular  to  the  original  extrusion  direction. 

(»  )  Rolled  parallel  to  the  original  extrusion  direction. 

(ii)  Equal  reductions  in  original  length  and  width  dimensions  before  annealing. 

r*n 

2  v;’i«  a l  .tualvses  of  extruded  bar:'*'7 


Weight 
Per  Cent 
W  Mo 


PPM _ 

c;  o  N  H 


-t  !•'.»;  3- 


Best  Available  Cop 
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LA  BIT.  A  -  37.  ELI  KCI  OI:  ANNEALING  TREATMENTS  OJ'I  THE  KECR  VST  ALLIGATION  AND  GRAIN  SIGE 

Ol  EXTRUDED  AND  KIRGED  SHEET  IIARS(-) 


Per  Cent  RecrystallizaUon  After  Annealing 

1-Hour  at  Indicated  Temperature,  I:  1-Hour 

A  s  Rec  rysta  1 1  iza  tion 

Prior  History  rorf,eJ  2400  2400  '2700  2800  3000  Temperature,  F 


ASTM  (Ira  in  - 
Size  Range  After 
Anneal  iuy. 

_ I  Hour 

2800  P  30u0 V 


Wean  ASTM 
Grain  Size  A  Tier 
Annealing 
1  Hour 

2800  r  3000  i; 


Kxiruik’d  EU'JL  E , 
lor 22i.ni  1 

0 

E 

7  b 

100 

Kltt 

100 

2700 

3-8 

1-7 

i;.:i 

3,  (.i 

EMnidi’d  2<Smj  l:; 
riirystallizcj  1  hour, 
IJUUC  I:;  forged  2200  f 

0 

2 

30 

75 

80 

too 

---'2000 

•1.0 

0.2 

G.  0 

Extruded  EtiOU  P; 
urrystalhzed  I  hour, 
iLiii'i  I-,  forged  2200  F 

0 

0 

7  5 

90 

100 

100 

2800 

3-8 

2-7 

0.7 

5.8 

typical  analyses  of  extruded  bar: 


Weight 

Per  Cent  _ PPM _ 

W  Mo  C  O  N  H 


as 


l  AMLI-  A  -38. 

RE  CRY ST  ALLIGATION  AND  HARDNESS 

's. 

< 

< 

u- 

■:>w  e.smo  sheet  ( 

u.  IHn  ,NCII)(-‘)«-) 

Rolling 

IVm;v,  raiure,  K 

Total 

Reduction, 
per  cent 

Approximate 

1-Hour 

Recryst  alligation 
Temperature,  F 

Initial 

Hardness, 

As 

W  ion  gin 

VI  IN 

Annealed  1  Hour 
2000  I-  2G00  : 

-  LiH 

•15 

2000 

241 

TOO 

240 

7  0 

2500 

2  11 

384 

24  3 

-3.U 

85 

2400 

24  1 

388 

24  5 

MV. 

9n 

2400 

241 

393 

848  242 

;)n 

2400 

2  1  > 

4 10 

850  248 

>  .)  K't!..di-d  at  24T  1 

and  forced  to  sheet 

bar  at  2200  10  2 9;>0  V 

I  y p ; i  .il  analyse'  of  e-xtruded  bar: 


Weight 

Pir_(.eni_  _ PPM 

V.  C  O  N  T? 


Best  a 


Vai'able  Copy 
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Refe  rentes 


(I)  Maykuth,  D.  J.  ,  Ilallowell,  J.  B.  ,  and  Ogden,  H.  R.  ,  "Tantalum- Alloy- Proces sing 
Development",  Battelle  Memorial  Institute,  Contract  No.  AF  33(657)-89 i 1 , 

ASRCT  TR  7-781  (IV)  (June  1,  1963). 

(J)  Maykuth,  D.  J.  ,  and  Ogden,  H.  R.  ,  "Tantalum-Alloy-Processing  Development", 
Battelle  Memorial  Institute,  Contract  No.  AF  33(657)-89  1  1 ,  ASRCT  TR  7-781  (III) 
(March  1  ,  1963). 

(3)  Schmidt  ,  F.  F.  ,  el  al .  ,  "Investigation  of  Tantalum  and  Its  Alloys",  Battelle 
Memorial  Institute,  ASD-TDR-6 3-594  (July,  1962). 

(4)  Schmidt,  F.  F.  ,  ct  al.  ,  "Investigation  o£  Tantalum  and  Its  Alloys",  Battelle 
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Ta- 8W- 2Hf 


1.  Idont  i  lication  of  Material 

a.  Designation:  T- 1 1  i  (Westinghouse) 

b.  Chemical  composition:  the  base  composition  has  been  made  with  varying 

interstitial  contents:  however,  moderate  and  low 
interstitial  grades  can  be  identified  as  follows:^) 


Weight  Per 

Cent 

Element 

Moderate 

Low 

W 

7.0-9. 0 

7.  0-9- 0 

Hi 

2.  0-2.  8 

2.  0-2.  8 

O  (nominal) 

0.  010 

0.  003 

N  (nominal) 

0.  007 

0.  003 

C  (nominal) 

0.  003 

0.  001 

Ta 

Bal. 

Bal. 

available:  plate, 

sheet,  strip,  foil,  bar, 

wire,  and  tubing^ 

2.  Physical  Properties 

a.  Melting  point:  5400  F  (estimated)^) 

b.  Density:  0.604  lb/in.  3(1) 

c.  Thermal  expansion:  Table  A-39 

Figure  A-50 


d.  F.lectrical  resistivity:  Figure  A-51 
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TABLE  A -39.  COEFFICIENT  OF  THERMAL  EXPANSION  OF  T- 1  ll( 1 ) 


Temperature  Coefficient  of  Thermal  Expansion  _ 

7  C  10-0  In. /In. /F  10*0  In. 'In. /C 


80-500 

25-200 

3.  1 

5.  ’  > 

xu-lnun 

25-5411 

3.  J> 

<i,3 

So - 1  POO 

25-815 

3. ; ) 

7.  0 

80-2000 

25-101)5 

3.0 

7.  0 

80-2500 

25-1305 

4.  0 

7.2 

80-1000 

25-1050 

4.2 

7.  5 

80-0500 

25-1925 

4.2 

7.5 

80-4000 

25-2205 

4.2 

7.  3 

80-4350 

25-2400 

4.3 

7.8 

r  Iwctncol  RcsirIiw 
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3.  Mechanical  Properties 

a.  Tensile  Properties  at  Roc:r.  i'emperatu re 

Ultimate  tensile  strength:  Table  A-40 
Tensile  yield  strength:  iab.e  A-40 

Elongation:  Table  A-40 
Modulus  of  elasticity:  28-30  x  10^  psi^l 
s.  Effect  of  Temperature  on  Tensile  Properties 

Ultimate  tensile  strength:  Tables  A-41  ar.c  A-42 
Tensile  yield  strength:  Tables  A-4i  ar.d  A-42 
Elongation:  Tables  A-4  1  and  A-42 
c.  Creep  and  Stress-Rupture  Properties 

Table  A-43 
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TABLE  A -40.  ROOM -TEMPERATURE  TENSILE  PROPERTIES  OF  ARC -MELTED  T-1U  SHEET 


Condition 

Tensile 
Strength, 
1000  psi 

Yield  Strength 

(0.2%  Offset),  Elongation, 

1000  psi  per  cent 

Reference 

Stress-relieved  sheet  (3  hr 
2250  1:,  0.040  inch/3* 

112. 3(L) 

1 13. 7(T) 

96. 0(L) 

100. 7(T) 

21. 8{L) 
17.9(T) 

(3) 

(3) 

Stress-relieved  sheet  (1  hr 
2000  F)(b) 

150.0 

144.8 

9.0 

(1) 

Stress- relieved  sheet  (i  hr 

2000  F)M 

135.0 

130.0 

15.0 

(1) 

Recrystallized  sheet  (1  hr 
3000  F)<b) 

90.4 

90.4 

29.0 

(1) 

(a)  Test  rate  0.  005  inch  per  inch  per  minute  to  0.0  per  cent  offset,  and  0.05  inch  per  inch 
per  minute  to  fracture.  Analyses  7.8%W,  1.99%  Hf,  0.0027%C,  O.OQ23%0,  0.0026%N, 
0.0035%Fe.  0.  0008%  Cr,  0.0003%  Nt.  and  0.0100%  Mo. 

(b)  Low  interstitial  grade.  Cold  rolled  90  per  cent  prior  to  final  annealing.  Test  rate  0.005 
inch  per  inch  per  minute  through  0,2  per  cent  yield  strength,  and  0.05  inch  per  inch  per 
minute  to  fracture. 

(c)  Moderate  interstitial  grade.  Warm  rolled  95  per  cent  prior  to  final  annealing.  Test  rate 
0.04  to  O.Oti  inch  per  inch  per  minute. 


TABLE  A -41.  EFFECT  OF  TEMPERATURE  ON  THE  TENSILE 
PROPERTIES  OF  ARC-CAST  T-lll  SHEET 
(0.040  INCH)! aK3> 


Temperature, 

F 

Tensile 
Strength, 
1000  psi 

Yield  Strength 
(0.2%  Offset), 
1000  psi 

Elongation, 
per  cent 

2400 

40.0 

33. 1 

41.7 

3000 

20.3 

17.9 

29 

3500 

11.2 

11.2 

31 

(a)  Stress -relieved  3  hour:  a-  C.vrO  f.  0.  ■'  j  inch  pc: 

per  minute.  Analyses  7. 8%  W,  l.0f%  Hf,  0.0027%  C, 

0.  0u23%  O,  0.  0020%  N  ,  0.003C%Fc,  0.0008%  Cr,  O.OOO^Ni, 
and  0.0100%  Mu. 


Best  Available  Co 


rv 
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TABLE  A -42.  EFFECT  OF  TEMPERATURE  ON  THE  TENSILE  PROPERTIES 
OF  ARC -CAST  LOW  AND  MODERATE  INTERSTITIAL- 
GRADE  T-lll  SHEET 


Temperature, 

F 

Tensile 
Strength, 
1000  psi 

Yield  Strength 
(0.2ft  Offset), 

1000  psi 

Elongation  in  1 
Inch,  per  cent 

Low  Interstitial  Grade,  Cold  Rolled  00  Per  Cent. 
Stress  Rcl lev cd  I  Houi"at~ 20 00  F^ a) 


-452 

-- 

232.2 

0.3(b> 

-320 

194.  5 

18P.  5 

12.6 

-100 

-- 

157.7 

-- 

75 

150.0 

144.8 

9.0 

400 

124.0 

121.6 

4.0 

800. 

1M.8 

111.6 

3.6 

2000 

92. 1 

67.  5 

8.0 

2200 

67.1 

52.2 

20.0 

2400 

42.4 

38.6 

28.0 

2400(c) 

50.7 

43.8 

26.0 

2700 

25.4 

21.0 

76.0 

3000 

16.3 

14.  1 

52.0 

3500 

11.3 

10.9 

43.0 

Low  Interstitial  Grade, 

Cold  Rolled  90  Per  Cent, 

crystallized  I  Hour  at  3000  F(a) 


-452 

187.7 

-- 

17.5 

-300 

150.  G 

145.2 

27.0 

-100 

108.8 

93.8 

24.0 

75 

90.4 

90.4 

29.0 

400 

68.  0 

68.0 

23.0 

800 

57.2 

•13.0 

15.  5 

2000 

61.  1 

34.9 

18.0 

2200 

49.3 

28.6 

25,  0 

2400 

37.3 

23:5 

36.0 

2700 

30.9 

24.4 

30.0 

3000 

14.8 

11.9 

48. 0 

3500 

13.0 

12.  6 

34.0 

Moderate  Interstitial  Grade, 

Warm  Rolled  95  Per  Cent, 

Stress  Relieved  1  Hour  at  2000  F(d) 

-320 

190.0 

J84.0 

18.0 

-100 

150.  0 

146.0 

17.0 

75 

135.0 

130.0 

15.0 

2200 

85.0 

78.  0 

15.  0 

2400 

57,  6 

49.5 

24.7 

2500 

54.0 

38.0 

2d.  0 

2700 

29.0 

23.7 

64.0 

3000 

90  5 

1 Q.  5 

cn  n 

Moderate  Interstitial  Grade, 

Warm  Rolled  95  pi 

•r  Cent, 

Rccmtallizcd  1  Hour  at  3000  p(  ^ 

3000 

17.2 

17.2 

46.0 

(a)  Test  rate  at  -452  to  800  F  0.00  5  inch  per  inch  per  minute  through 
0,2  per  cent  yield,  and  0.5  inch  per  inch  per  minute  to  fracture; 
above  NO0  F,  0.0-1  to  0.00  inch  per  inch  per  minute. 

(b)  Ductile  fracture,  4  1  per  cent  reduction  in  area, 

(c)  Cold  rolled  G5  per  cent. 

(d)  Test  rale  0.04  to  0.00  inch  per  inch  per  minute. 
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TABLE  A-  13.  STRESS-RUPTURE  PROPERTIES  OF  ARC-CAST  T-ill  SHEET  AT  2400  F 


Condition 

Time  to 
Rupture,  hours 

Elongation, 
per  cent 

Reference 

Stress  relieved  sheet  (3  hr 

:n>.  u 

0.  5 

-- 

(3) 

i'i’Mi  1',  0. 1)40  inch/-1) 

33.0 

0. 8 

-- 

30.  0 

7.3 

-- 

25.7 

5.0 

-•  . 

23.0 

5.0 

-- 

20.0 

10.  s 

-- 

Stress -relieved  sheet  (reduced 

30.0 

ey  •> 

5'J 

(!) 

05  per  cent,  1  lir  2000 

25.0 

•1.3 

58 

20.0 

25.7 

94 

Rccrystalled  sheet  (reduced  SO 

30  4  C 

3.0 

30 

(1) 

per  cent,  1  hr  3000  F)^*5) 

25.0 

7.3 

40 

(a)  Analyses  7.  S%>  W,  1.95%  Hf, 

0.0027%,  C, 

0,  0023%,  O,  0. 0020%,  N , 

0. 0035%,  Fc.  0. 

000«%>  Cr, 

h.Ouu S%>  Ni,  ami  0.0100%,  Mo. 
(b)  Low  interstitial  grade. 
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Metallurgical  Properties 

a.  Fabricafcility:  ingot  breakdown  temperate res  should  be  above  2000  F,  while 

intermediate  fabrication  car.  be  conduced  at  somewhat  lower 
temperatures-  Final  forming  such  as  punching,  blanking, 
shearing,  bending,  brake  forming,  drawing,  and  spinning  can  be 

performed  at  room  temperature  without  edge  tracking ,( *) 

b.  Transition  temperature:  <-452  FU) 

c.  Weldability:  inert-gas  fusion  welding  has  been  used  exclusively  in  welding 

T-lll.  In  addition  to  sheet  butt  welds,  half-tube  to  half-tube  seam 
welds  have  been  made.  T-lll  has  also  been  welded  to  columbium 
alloys.  Helium  welding  atmospheres  have  proved  to  be  more 

satisfactory  than  argon  with  regard  to  as-welded  ductility.  Weld- 
ductility  at  -2GC  F  is  essentially  the  same  as  that  for  the  base 

metal.  W 

d.  Stress- relic:  temperature  1  hour  24C0  FU) 

5  hours  2250  F(3) 

e.  Recrystallization  temperature:  Table  A-44 
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TABLE  A “44.  RECRYSTALLIZATION  BEHAVIOR  OP  ARC-CAST  T-lll  SlIEET^ 


Annealing 

Temperature, 

F 

60%  Cold  Work 

75%  Cold  Work 

90%  Cold  Work 

Hardness 

Recrystallization^, 

% 

Hardness 

Rccrystallizatioi/3). 

% 

Hardness 

Recrystallizariont*1) 

% 

As  worked 

353 

0 

370 

0 

37  5 

0 

2000 

301 

0 

373 

0 

3C0 

0 

2200 

340 

0 

350 

0 

335 

0 

2400 

235 

0 

305 

0 

295 

0 

2000 

287 

0 

282 

0 

245 

50 

2S00 

270 

50 

263 

50 

232 

100 

3000 

277 

100 

270 

100 

259 

100 

(a)  Mctallographic  determinaiiun. 
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Ta-  10W-Z.  5H£ 


Identification  ol  Material 

a.  Designation:  T-ZZZ  (W estinghouse) 

b.  Chemical  composition:  Ta-  I0W -2.  5Hf 

e,  Forms  available:  ingot  and  fabricated  shapes  available  (rom  suppliers 

on  a  best  efforts  basis 

Physical  Properties 

a.  Density:  0.  604  lb/in.  ^  (calculated) 

M  e  c  ha  n  ica  1  P  rope  r  tic  s 

a.  Tensile  Properties  at  Room  Temperature 

Ultimate  tensile  strength:  Table  A-45 
Tensile  yield  strength:  Table  A-45 
Elongation:  Table  A-45 
Reduction  in  area:  Table  A-45 

b.  Effect  of  Temperature  on  Tensile  Properties 

Ultimate  tensile  strength:  Table  A-46 
Tensile  yield  strength:  Table  A-46 
Elongation:  Table  A-46 


Reduction  in  area:  Table  A-4  6 
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TABLE  A -43.  ROOM -TEMPERATURE  TENSILE  PROPERTIES  OF 


RECRYSTALLIZED  T 

-222  SHEET<aX1> 

Tensile 

Strength, 

1000  psi 

Y  ield  Strength 
(0.2%  Offset), 

1000  psi 

Total 

Elongation, 
per  cent 

Reduction 
in  Area , 
per  cent 

HO.O 

105.0 

25 

-- 

HO.  6 

100.2 

30 

63 

(a)  Daia  for  same  material,  two  different  tests.  Material  reduced 
90  per  cent,  rccrystallized  1  hour  at  3000  F.  Test  rate  0.  005 
inch  per  inch  per  minute.  Analyses  9.  5%  W,  2. 4-4*5 k  HF, 
0.011%C,  0.0029%  O,  and  0.0034%  N. 


TABLE  A -4 6.  LOW-  AND  HIGH-TEMPERATURE  TENSILE  PROPERTIES  OF  T-222  SHEET^X1) 


Tensile 

Yield  Strength 

Total 

Reduction 

Temperature, 

Strength, 

(0.2%  Offset), 

Elongation, 

in  Area. 

F 

1000  psi 

1000  psi 

per  cent 

per  cent 

Reduo 

ed  90  Per  Cent,  Stress  Relieved 

— 

1  Hour  at  2000  F 

1800 

112.3 

107.0 

c 

2000 

100.0 

89.2 

10 

-- 

2200 

78.8 

68.8 

18 

-- 

Reduced  90  Per  Cent,  Rccrystallized 

1  Hour  at  3000  F 

-320 

184.6 

175.0 

28 

51 

75 

110.0 

105.0 

25 

-- 

75 

110.  G 

100.2 

30 

G3 

2000 

77.  C 

■10.3 

18 

__ 

2200 

67.  3 

38.4 

17 

-- 

2400 

53.4 

37.8 

20 

-- 

2600 

36.8 

29.3 

34 

-- 

2800 

30.5 

27.7 

43 

3000 

24.9 

24 .  1 

24 

-- 

3500 

1 1.2 

1-1.2 

43 

-- 

(a)  Test  rare  0. 

005  inch  per  inch 

per  minute  for  -320  and  75  F  tests,  and  0.05 

inch  per  inch 

per  minute  for  all  other  tests. 

Analyses  9.  5%  W,  2.44%  HF, 

0.011%C.  0. 

0029%  O,  and 

O.  003-*%  N . 
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etallurgical  Properties 

Fabricability :  arc-cast  ingots  can  be  forged  directly  in  a  dynamic  argon 

atmosphere  at  2200  F;  after  conditioning  and  recrystallizing  for 
1  hour  at  3000  F  the  forged  slabs  can  be  cold  rolled  5  to  10  per 
cent  per  pass  to  high-quality  sheet  (0.  040  to  0.  050-inch  sheet)(^ 

Transition  temperature:  <-320  F  for  sheet  material  reduced  90  per  cent  and 

recrystallized  1  hour  at  3000  F^) 

Stress- relief  temperature:  1  hour  at  2000  F  for  material  reduced  90  per  cent(') 

Recrystallization  temperature:  1  hour  at  3000  F  for  material  reduced 

90  pe r  cent(  ^ ) 
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Ta-  10W-2.  5Mo 


1.  Identification  of  Material 

a.  Chemical  composition:  Ta- 1 0W- 2.  5Mo 

b.  Forms  available:  ingot  and  fabricated  shapes  available  from  suppliers  on 

a  best  efforts  basis 


2.  Physical  Properties 

a.  Density:  0.599  lb/in.  (calculated) 

3.  Mechanical  Properties 

a.  Tensile  Properties  at  Room  Temperature 

Ultimate  tensile  strength:  Table  A-47 
Tensile  yield  strength:  Table  A-47 
Elongation:  Table  A-47 

b.  Effect  of  Temperature  on  Tensile  Properties 

Ultimate  tensile  strength:  Table  A-48 

Figure  A-52 

Tensile  yield  strength;  Table  A-48 

Figure  A-52 

Elongation:  Table  A-48 
c  •  Creep  and  Stress-Rupture  Properties 

Figure  A-53 

d.  Other  Selected  Mechanical  Properties 

Bend  ductility:  reverse  bend  testing  for  annealed  0.  040-inch 
sheet  materially 

Number  of  successful  bending  operations  before  fracture:  bend  axis 
relative  to  final  rolling  direction 

Transverse  Parallel 

Forward!^1)  Reverse!  b)  F  orwar  d!a)  Reverse!'3) 

3-3  1-2  2-4  1-3 

O')  Kent  around  »  T  radius (-  0. 015G  inch)  tlirough  a  l0  5-dt-|;rcc  any.lo. 

(b)  flattened  to  orij'.inai  condition  by  pressing  in  a  vise. 
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TABLE  A -41.  ROCV -TEMPERATURE  TENSILE  PROPERTIES  OF  ARC-CAST  Ts-l'.W-E.  5Mc  SHEET  (0.040  !NCh/jX1) 


Rolling 
Direct. an 


Rc  Lit  i  ve 

Extrusion 

Direction 

Rolling 

Procedure 

:a  .  '  |  jj,- 

Tc:np, 

F 

No.  of 

In 'Process 

Anneals 

Rolling 

Reduction, 

per  cent 

Tensile  s:rc"j.:!i, 

1000  p*i 

Long,  Transverse 

1  icl 

Lang. 

d  Strength 
’v  (.'sirs.:), 

1QGC  pii 

Transverse 

Elnnjtatio" 

;  1-  2  Inc! i, 

Long,  Tea  ns  vena 

1 

Straight 

800 

0 

90 

111.  c 

113.  1 

106.6 

1C7.S 

34 

36 

1 

Straight 

1C00 

C 

9C 

110.  c 

112.  3 

102.3 

104.3 

36 

36 

Cross 

800  and 
1000 

0 

90 

111,  1 

112.8 

102.5 

107.1 

36 

34 

Cross 

SCO  and 
1000 

C 

90 

111.  7 

114.  6 

104,7 

107.8 

35 

36 

Cross 

600 

1 

65 

111.  & 

115.  1 

•03.  S 

110.1 

36 

36 

Cross 

Hf: 

12  0.  1 

MP.8 

111.  7 

111.4 

28 

31 

Cross 

800 

- 

05 

117.  3 

no.  ? 

Ida.  2 

l*.  9 

30 

31 

(a)  Extruded  at  2800  F  ar.d  forged 

yield,  and  0.  25  i:ich  per  inch 

*o  sheet  bar  at  220C  to  23CC 

j?e:  minute  to  fracture. 

F.  Te» 

t  rate  C,  005 

inch  per  inch  per  minute  to 

0.  6  per  cent 

Typical  analysei  of  extruded  bar:(2) 


Weight 

Per  Cent  PPM 

W  Mo  C  0  N  H 

9.6  2.  ri  7  l Of  3f  1 


TASLE  A -48.  TENSILE  PROPERTIES  OF  ARC  -CAST  Tt-KW-2.  5Mo  SHEET  (0.  040  INCH)  AT  2100  F13*1* 


Direction 

Relative 

to 

Extrusion 

Direction 

Rolling 

Procedure 

Rolling 

Temp, 

F 

No,  of 
In-Proceu 

Anneals 

Final 

Rolling 
Reduction, 
per  cent 

Tensile 

Strength, 

1CC0  psi 

Yield  Strength 
(O.Moffiei), 

10C0  ?,f 

Elongation  in 
1/2  Inch, 

per  cent 

j. 

Str.-.igi;: 

SOU 

9\ 

26.  7 

24  G 

7u 

1 

Straight 

:oco 

0 

30 

£5.  6 

23,4 

86 

Cress 

800  and 

10C0 

0 

9C 

28.3 

25.2 

76 

Cross 

SCO  and 

C 

90 

27.2 

24.4 

76 

Cross 

80C 

1 

63 

25. 2 

25.6 

88 

Cress 

800 

1 

35 

31.6 

28.8 

68 

Cross 

goo 

3 

35 

29.  S 

26.5 

56 

(z)  ExtriucJ 

7.*  :  ?  :.;:c 

rorgee  to  sheet 

bar  at  J 21  j 

to  2300  F .  Test  rate 

v.  1/4.0  inch 

per  inch,  per  ir. ir. nru , 

Tynir.il  analyse!  of  cvtridcd  hnr:("J 


?cr  Cent 


W 

Me 

C 

c_ 

N_ 

H 

9.6 

2.5 

107 

37 

1 

FIGURE  A- 52. 


40 

30 

20 

</) 


FIGURE  A- 53. 


1000  psi 


x~x  Ten*ie  strentfn  I 

0—0  v:e'S  strength  (0 2  %  ot'selli 


2400 


2  BOO 


3200 


3600 


Ten^iereiure,  F 

EFFECT  OF  TEMPERATURE  ON  THE  STRENGTH  OF 
ANNEALED  (1  HOUR,  3090  F)  Ta-10  W-2.  5  Mo  SHEET 
(0. 040  INCH)!3) 

Laboratory-produced  button  ingot. 


- 1 - 1 - ! 


i  0 


iO 

Rjot-Jre  Tir,e,  hours 


A. 48121 


!00 


KIG  H  -  TE  M  P  E  K  AT  U  RE  RUPTURE  CHAR  AC  TER  TST  ICG  OP 

ANNEALED  (1  HOUR,  3090  F)  Ta-10  W-2.  5  Mo  SHEET 
0.  040  INCH)(4' 


Laboratory-produced  button  ingot. 
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F 
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EFFECTS  OF  ROLLING  I  IIS  ]  CRY  AND  ANNEALING  ON  711=  ! 

ARC-CAST  Ta-1GW  -2,6Mo  SHEET  (0.  MO  1NCH)^> 

™OOM -TEMPERA 2  CRE  HEN) -  1 

L'UCTILITt  OF 

Railing 

Temp, 

Prior  History  F 

Room -Temperature  Minimum  Bend  Radius, 

T  V»W*> 

As-W  rough: 
Condition 

Stress-Relief 

Annealed 

1  Hr  at  2000  F 

Re  crystalline 
Annealed 

1  Hr  at  2600  F 

Long.  Transverse 

Long.  Transverse  L 

ong,  Transverse 

90  Per  Cent  Finish  Reduction:  ; 

Straight  Rc.ledj  No  In- 

Process  Anneals 

Extruded  2630  c, 

1  l:r  30C-C  f ,  forced  23C«.  F,  cOOf7) 

3-1  6-9 

0-i  j-1 

L>  l 

1  hr  2830  F 

Ditto  lecof5) 

C-2  5-7 

0  c 

0  0 

£00^ 

u-:  e-- 

0-1  0-1 

>1  0-1 

90  Per  Cen:  Finish  Reduction: 

Cress  Rolled*^)  No  In- 

■Process  Anneals 

Extruded  2630  F, 

1  hr  3C0C  Fi  forged  2300  F,  301000  1-4  3-5 

0  C 

0  0 

1  hr  2800  F 

Extruded  2600  F;  forged  220C  F,  600-100')  2-3  2-3 

C-l  0-1 

3  0 

1  hr  1280C  F 

Of*  Pc:  Cuv.t  Fi.tis's  Rjuiiciiv*.:: 

< :.-.>»«  ::  -ilLLi.C'  :  O,:;  I: 

:  -Process  A  ri’.c.il 

Extruded  2530  F, 

t  hr  3000  F;  forged  2303  F,  600 

1-5  0-3 

C  0 

C  C 

!  hr  3 BOG  F 

35  Pe:  Cer.t  Finish  Reduction: 

Cross  Rolled;'^  Oite  1. 

■.•Process  A:;::eal 

Extruded  2600  F, 

:  !ir  3000  Ft  forged  2300  F,  8CC 

1-4  1-3 

D  0 

0  0 

1  hr  2000  F 

35  Per  Cent  Finish  Reduction: 

Cross  Relied^5*)  Three 

In -Process  Anneals 

E*  tr  idu J  2200  K. 

fi-: 

1  hr  280C  r 

(a)  Values  obtained  from  2  '.a  4  test*  for  each  condition  cited. 

(b)  Rolled  perpendicular  :o  *he  original  extrusion  direction. 

(c)  Rolled  parallel  to  the  original  extrusion  direction. 

(c)  El.  .il  red uctrons  :::  .-•rtcirt.'il  -v.  width  .:;:i:er.s:o::s  before  1 : ; : c . 

Tynlcal  analyses  c i  extruded  bar:'^ 


h 


Per  Cent  _ PPM _ 

w  Mr  r  O  N  r 


A-1G5 

4.  Metallurgical  Properties 

a.  :->bricabihty:  ingots  car.  be  successfully  extruded  at  2600  F  followed  by 
forgir.g  at  2220  to  2300  F :  after  conditioning  and  process 
annealing,  rcllirg  tc  sheet  is  performed  a*.  8C0  to  1000 

1>.  T:a::s:':c;:  leu. jcralurc ;  ~-15G  F  for  annealed  0.  040-inci:  sheet  material.!'1) 

c.  Weldability:  annealed  0.  050-insh  sheet  material  can  readily  be  Joined  by 

either  inert-gas  tungsten-arc  or  electron-beam  processes; 
welds  are  room-tempe rature  brittle!1) 

d.  Stre as- relief  temperature:  1  hour  at  2000  fU)|  1  hour  at  2370  f(3) 

e.  Re  c  ry  stailizaticr.  temperature:  Tables  A-50  arc  A-5] 


£=- 

£ 


Extruded  2600  F, 
forged  22 CC  F 

0 

C 

10 

96 

1CCC 

100 

2800 

3-9 

3-8 

7.0 

6.8 

i 

Extruded  26CC  F, 
recrystallized 
:  hour  3C00F, 
forged  2300  F 

0 

0 

10 

70 

95 

100 

~  2900 

3-3 

3-7 

7.1 

5.3 

Extruded  26C0  F, 
recrystailized 

0 

2 

20 

■3 

95 

10C 

-2900 

4-3 

2-7 

7.6 

5.7 

I  hou:  3000  F, 

forged  2200  F 


Typical  anilyiei  of  extruded  bar; 

Weight 

Per  Cent  _ PPM _ 

W  Mo  c;  o  N  I! 


Rolling 

Temperature, 

F 

Tctal 

Reduction, 
per  cent 

Ap;>rox:::iat: 

1-Hour 

Rccrystailizatior. 
Temperature,  F 

Initial 

Hardness, 

As 

Wrought 

VHN 

Annealed 

2 COO  F 

1  Hour 

2600  F 

8  nr. 

45 

2c  Of. 

2G 7 

37  S 

-- 

267 

e‘.  . 

2 

26“ 

il)2 

-- 

eco 

65 

2600 

267 

401 

-- 

234 

bcc 

93 

22  CC 

267 

428 

374 

273 

ICC' 

n- 

?  2  r  f* 

267 

-17 : 

3*2 

Z-n 

(a)  Extruded  a:  260C  F  and  forged  to  sheet  bar  at  2205  to  23CC  F. 
I'.Tiv  •!  .  :1  •  C'  'f  J 


V.  l  ■  i  . 1 : ! 

Per  Ce.-.t  _ ppm _ 

W  Mo  C  O  N  H 


9.6 


3? 
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